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INTRODUCTION AND LITERATUHE R}�VIEW 
Mole c u lar n i t ro gen (N2 ) , a c olorless, t�steless, ortor­
less gaseous element cc�stitutes approx i m a t ely 79% of our 
earth's atmosphere . Protein ni t r ogen is a component of a ll 
living entit�es, y et none of t he atm0spheric N2 is avai lab le 
for i n corporation into liv ing t i ssue unt il it has be e n  
changed or "fixed" from i t s  eleme n t al form t o  a form 
ut i l i zable by l iv i ng orga n i s ms . This f i xa tio n of nit rogen 
may be accomplished in a number of d iverse ways. 
Natural g as, a l i m i t e d, n o n-re n ewable re s o urce, is u s ed 
as an e nerg y source t o  c on v ert N2 to ammonia by the Haber 
pro c e s s  (21). E l e ctr i cal storms may convert atmos�h�ric N2 
to o x i d e s  of nitro g e n  wh i c h are the n depos i t e d  on t h e s�il 
wi t h  pr e c i p i t a t i on. 
N i troge n f i x a t i o n  o c c ur s  i n  t h e  so il t hroug h a 
symb i o tic re lat io n s hip b etw e e n  leguminous pla nt s  and 
ba cter i a o f  t h e g e n u s  Rh izob i um (1). In t h i s  symb i o s i s  t he 
bacter i a  c au s e  grow t h s  ( n o dule s )  o n  t h e root l e t s  of t he 
pla n t s  a n d  th i s  i s  t he lo cus o f  f i x a t i o n . Other b a c t er i a. , 
both aerobic a n d a n aerob i c, are a lso c apable of f ix i n g  
n i tro g e n  i n  a v ar i e ty of hab i t a t s . A gro n o m i s t s  h ave l o n g  
real ized t h a t  pl a n t s  of t h e  f am ily Fab a c e a e (13 ) t e nd t o  
e nr i c h, w i t h  n i troge n ous c ompoun d s, t h e  s o i l s  in wh i c h  t hey 
are c u l t ivat e d . Ear l y  agrar i a n  cul t ures rel i e d  h e av i l y  o n  
th e s e  memb ers o f  the b e a n  f amily for the i r  f o o d  supp l y 
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though they did n o t  r ecogn ize these b e a ns as b e i ng r i ch in 
p ro t ei n (40) . 
N itrogen avai l ab i lity may be t h e  l im i t i ng f ac t o r  i n  
pr imary product ion o f  gras s l an ds if one as s um es adequate 
ava i l abl e mo i s ture (7, 31) . Bi o l og i c a l ni t rogen fixation 
h as always been o f  agronomic imp o r t ance, a lthough o n ly a 
f ew sh o r t y ea rs ago i t  was easy an d i n expens i ve to fer til ize 
w i t h  commercia l  nit rogen . Today , wit h  world-wide f o o d  
shortage s  and w idesp r ead f am i n e i n  underdevel op e d  count ries, 
the ava ilab i l i ty o f  adequat e  p r o tein supp lies has t ak en on 
added i mpor t anc e . Mor e  mus t b e  known abou t n i t r ogen f ixa­
tion and forage va lue of 'the var i ous legu�e plant s  unde� 
varied c l imatic an d agricu l t ur a l  conditions. 
Mos t sp ec i es are r ecognized as produc i ng good t o  
exce l l ent f o r ag e . Native l egumes ar e gr azed b y  w ild l i f e 
and domestic s t o c k  (16, 33, 34). S ome gener a, Oxy t r op i s  
and Lat h y r us a s  examp l es , c o n t a i n  sp ecies wh ich pr o duce 
a l ka l o i ds toxic to a n ima ls. Ot her s such a s  As t r ag aJ.bs 
b i s u lc a t u s  ( Ho ok) Gray are known to b e  t ox i c  t hrough t h e  
accumu l a t i o n  o f  h eavy meta l s .  
On e of t he mor e  impo r tan t ge ner a  o f  n at ive legum es i s  
t he genus As traga lus, d i s t r i bu t ed througho u t  t h e  temperate 
r egions of t he wo r l d . Spec i es di f f er entiat i on i n  th i s  genus 
is ex t�n sive . Bar n eb y  (4) r ecogn ized more t han 500 s p ec i es 
nat i v e  t o  No rth Americ a. Komarov (2 2) r ecogn ized 849 
sp ec i es in the U.S.S.R. and descr i b ed 575 o f  them . 
Chamb er l a in and Ma t t h ews (10) reco r ded 370 spec i es o f  
Astraga l u s  from Tur key . 
Dav i s (11) r ep o rts t h a t  46 a c c es s i o ns o b t a i ned f r om 
the U.S.s.g. and Tu rkey were grown at Wawawa i, Wash i n gton 
to eva lua t e  g ener a l  fo rage val u e  an d determi n e whethe r a n y  
o f  t�ese sp ec ies might be u s ef u l  i n  the west e r n  r ange 
f orage complex. He c o n c l u des f r om t h i s s t u dy t hat: 
quality f or a g es may be developed from 
*INTRODUCED As tr_§.:_�l us spec i es. The 
c h a ract erist i c s  of this genu s  are l i t t l e 
und erstood and have be en inv es t i ga t ed o n l y  
s uper f ic i ally becau s e  thei r  p o t en t i al may 
have been underestimated. Areas n eed i n g  -
i.nv1?stJg2.tjo11 are: 6pec:Les adaptation and 
�ctablishm�nt in advei�e or harsh environments, 
s eed production and harves t, dry m a t t er yie l ds, 
grazing tolerance, st an d  p ersistenc e ,  
*FERTILITY REQUIREMENTS, i nterspecie s  c omp a t ibi l­
ity, etc. S i x  of the acces s i o n s  equ a l ed or 
exc eeded a l f a l fa aver ages f o r  p ro t ein an d 
c r u de f i b er l evels . 
One o f  t he six , As t ragalus c i c er L i n n  i s  b eing dis t r i bu t ed 
t h r oughou t t he wes t er n  s t a t es b y  commer c i a l s eed comp a n i es 
t o  r eveget a t e  " over gr a zed" r a n ge l a n ds. Th i s  i n t r oduced 
s pecies was u s ed i n  t h i s  inves t i g ation a s  a sta n d ar d  by 
which to ga uge n i t r ogen f i xat i o n  of a s e l ec t ed n a t i ve 
l e�;ume . 
Al l of the c u l t i va t ed for a g� l egumes g r own in S o u t h  
Dakota a r e  int r o d u c ed p l an t s  ob t a i ned p r imar i l y f ro m  Asia 
*Emphas is has been ad ded . 
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and the Rus s ia n  S teppe s . There are, however, ma ny legum i -
nous p la n t s  i n d igenous t o  Sout h  Dakota , grow i n g  wi l d  a n d  
no t current l y  c ul t iva ted . 
Al do Leopo l d  (24), a p io neer e c o l og i s t, ra i se d  a 
number of ·per t i ne n t  q uest ions . 
Clean farmi ng ,  t o  be sure , aspires t o  �eb u i l d  
t he so i l, but i t  emp loys to th i s  en d impor t �d 
p lan t s , a n ima ls and fert i l i zer s . I t  sees n o  
nee d for t he na t ive f lora an d fa una t ha t  b u i l t  
t he so i l  in t he f ir s� p lace . Can s tab i l i t y be 
syn t he sized out o f  impor ted p lan t s  a n d  a n imals? 
I s  f ert i l i zer tha t  come s i n  sacks s u f f i c ie n t? 
These are t he ques t io n s  at i s sue . 
The pur p o se o f  t h i s  s t udy ha s been to a dva n ce k n ow ledge 
of the ni troge n  f i xa t i on. p o t e n t ia l  o f  s e le c te d  na t i ve 
l6guilieb . WiLh tri is objec t ive i n  min d the i nve s t i ga t i on 
has been broken down i n t o  t hree segme n t s . 
l� Spe c i m8ns o f  na t ive legumes were s ou g h t  o n  a s tate-
wide bas i s, c o l le c te d , i de n t i f ied and pre served in a 
perma ne n t  herbar i um . 
2. Na t i ve legume s  whi ch showe d  good nodula t i o n  were 
eva lu� ted f or n i troge n  f ix in g  poten t ia l . 
3 .  The m i crosymbiont wa s iso late d from t he no dules of 
sele c te d  na t i ve legumes a n d  cul tured . 
Severa l me t hods ex i st for measur i n g  n i tr o ge n  f i xa tion . 
The Kje ldah l a na l y s i s  ( 8, 39), 15N-enr ichme n t  a s saye d  b y  
mas s  spec trome try a nd 13N- i ncorpora t ion a s saye d  b y  ra dio-
ac tive coun t i n g  (25) have al l been used in  t he labora t ory 
t o  q uan t i ta tive ly s t udy n i tr ogen f ixa t ion . The se me thods 
are quite insensitive except for the 13N method, which is 
limited in i ts use by the 10 minute half-life of the 
isotope. Expensive and bulky equipment limit these ap-
proaches to studying nitrogen f ixation to fixed laboratory 
situations.·· 
The enzyme systems responsible for the reduc tion of 
atmospheric N2 to ammonia (29) are, appropriately enough, 
named nitrogenase. Nitrogenase also reduces acety lene to 
ethylene (35). This knowledge has given rise to an inno-
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vative new technique for measuring nitrogen f ixation. Hardy. 
and Knight (17) s tated: 
Utilization of the reduction of HCN to CH4 or 
of C2H2 to c2H4 and detection of CH4 and c2H4 
by hydrogen f lame ionization after gas chro­
matography may provide a sensitive new assay 
f or detection of the N2-fixing system. 
Hardy et al. (18) extensively studied the relationships 
of acetylene reduction to nitrogen f ixation·. The acetylene 
reduc tion assay has since become widely used as a simple 
index of nitrogen fixing activity . 
The reduction of N2 to the amino level requires the 
transfer of 6 electrons, while the reduction of acetylene to 
ethylene involves the transfer of 2 electrons (36). 
One might expect f rom these studies that the energy to 
form 3 moles of ethylene f rom acetylene would be the same as 
that required f or each mole of nitrogen f ixed. This seems 
to be the case in experimen tal conditions where cell-f ree 
6 
nitrogenase is extracted from nitrogen fixing organisms (35). 
However, studies conducted by Bergersen ( 5 ) , in Australia, 
with excised soybean nodules, gave a ratio of· C2H4:N2 of 
5.4-8.4:1 with a mean ratio of 6. 6:1. 
Since the acetylene reduction technique is an indirect 
�ssay of N2 fixation and since relatively few correlation 
studies between acetylene reduction and N2 isotope incorpor­
ation by intact living systems have been done, Stewart 
et al. (36) caution that the technique cannot be used as an 
absolute quantitative assay. 
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STUDY AREA 
Mo s t  legumes indigenous to South Dakota a r e  mo r e  read i­
ly found wes t  of the Mis s o ur i  Rive r though o r i gi n a l l y  many 
were found throu ghou t the s t a t e. The top ography of the 
s t a t e  and r a i nfal l p a t t erns make this are a  l e ss suit able for 
cropping. The native plant c over, though i nfl u enced by 
graz i ng, is rel at ively in t ac t . Two are a s  of thi s  "We s t  
River" coun t r y  were sele cted as repre s en t a t ive. 
�ot t oQwood �ange Res e arch Sta tion 
The Cot tonwood Range Re s e arch S t ation, Co t t onwood , 
Sou·th uakuta is loca�ed 19 kilumeters west of Phi lip. on 
United S t a tes Highway 14. The Cottonwo od s t udy site i s  
r epr e sent a t ive of midgra s s  prairi e (14 , 26). The major 
gras s es are w e s t ern whe a t g r a s s  (Agropyron sm i thi i  Rydb), 
gre en ne e d l e gras s  ( S tip a viri dula Trin), b l u e  g r ama 
(Bou t elou� graci l i s  Lag), an d buffa l ogr a s s  (Buchl o e  
dac t ylo ides Eng lm). Forb s, e s p e cia l l y s carle t glo bema l l ow 
(Sphaeralcea �o cin e a  Rydb), fringed sagewar t  ( Ar t emis i a  
frigida We ild) , and dande lion (Taraxacum offic ina l e  Weber) 
are very common. Of the l e gume s  pre s ent , ve t ch (Vicia spp.) 
and mi lkvetch (Astragalus spp.) are mo s t  common. Gra zing 
intensity var ies the c ompos it i on of the cov e r  wit h  h e avy 
graz i n g encoura ging the short gr a s s e s. 
Clima te i s  of a c o n t inen t al typ e w ith lar g e  v aria tions 
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of temperature from summer to wint e r . Temperatures may 
fluctuate rapidly from day to day, and even in the span of 
several hours. The average annual temperature is 1 1.0 C .  
Summer highs reach 38.0 C or higher. Winter lows may drop 
below -30.0 . .  C .  
Precipitation av erages 38. 4 centimeters per year, 
30.33 ce ntimeter s (79% of the to tal ) fall dur ing the growing 
season consisting of the mo�ths April - Sep tember . Soil. 
moisture averages 15.1% throughout the growing season . 
Thunderstorms produce most of the precipitation during the 
growing season. Cottonwood receives about 2/3 of possible 
sun3hine duriLg the year. July and Au�ust rec eiv8 th� �ost 
sunshine. Because of t he warm t emper atures , high pre-
valance of sunshine and nort hwest winds averaging 17.7 
kilometers/hour evaporation and transpi rati on are high (23). 
Soil t e xtures are predominantly silty clay. The topo-
graphy is rather gentle,
, 
with long, sloping hills. 
Black Hills 
-"--
The Black Hills rise gradually from the northern Great 
Plains. Their area encompasses altitudes of 763-2209 meters 
at Harney Peak. 
The climate of the Black Hills is d istinct from the 
surrounding semi-arid Great P lains and thus the transition 
from one"to the other embraces differing vegetation types 
and growing seasons. The mean temperature averages higher 
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j_n w inte r a n d  l ower in summer in the H il l s t h an on the 
p l ains. For the state the average temp eratur e  f o r  th e 
w inte r  p e r i o d  i s  12. 5 C wh i l e  f o r  the B l ack Hi l l s  it is 
15.5 C; the average for the summer p e r i o d  f o r  th e plains i s  
21. 3 C and ·fo r  th e Black H i l l s  i s  19 . 0  C. As elevation 
inc r e ases , p r ecipitati on incr ease s to approximate l y  61 
cent imete r s p er y e ar on the higher p e aks (2 8 ). 
Th r e e  b road v e getat i o n a l  fo rmat i ons char acteri ze the 
Bl ack H i l ls, namely, the con iferous fo r e st , t h e  deciduous 
wo odlands, and the p ra i r i e grass l a nd . 
Black H i l l s-Coni ferous Forest 
The most exten s i ve an d consp icuou s f o rmation i8 the 
co n i f e r o u s  f o r e st .  Over mo st o f  the B l ack Hi l l s  thi s  is· 
p i ne for e st , dom inate d  by the p onde rosa pine (Pinu s ponder­
o sa Laws). 
Th e p in e  fo r e st var i e s  marke d l y  w i t h  respect to h e igh t 
and density . In the footh i l l s and e sp ec i a l ly at l ower 
e l evations i t  co n s i sts of stunte d ,  sp ar s e l y  d i str i buted 
stan d s  w it h  some intrusi on of r o cky mounta in junip e r  
(Juniperus scopu l o r um S arg) . It re semb l e s  in general aspect 
the p in yo n-jun i p e r or sc rub f ore sts on t he l ower s l op e s  o f  
the Rocky Mounta ins i n  Co l o r ado an d New Mex ic o . M o st o f  
the p ine f o re st , h oweve r , i s  comp r i sed o f  o p e n , p ar k - l i k e  
stan ds o f  tal l , str a ight, h i gh l y-branc h e d  t r e e s  wh i c h a r e  
far enough ap art t o  permit a f or e st- f l o o r  growth o f  such 
1 0  
p l an t s  a s  be arberry _( A r c to s t ap h y los uva -u r s i L) and commo n 
junipe r ( Juniperus commun i s  L) . On l y  where t he p i ne fore st 
i s  yo ung o r  g rowi n g  i n  she l tered s i t ua t ion s a re t he s t and s  
crowded toge ther o r  " c lo se d" a n d  i s  t he groun d be lo w  so 
heav i l y s h�ded a s  to be pra c t i c a l l y  devoid o f  ve ge t atio n . 
On a few nor t hern s lopes at hig her e lev a tio n s , i n  the 
coo ler p a r ts o f  t he c anyo n s , a n d  in t he upper re ache s  o f  
Spearfi s h  Canyo n i n  the no r t he r n  Hi l l s, t he co n i ferou s  
fores t  i n c ludes , and is sometimes domi na te d b y , w h ite 
spruce ( P icea g la u c a  Moesch-Vo s s) ,  w i t h  paper b i r ch (Be tu la 
papy r i fe r a  Mars h) a n d  quak i ng aspen ( Popu l u s  t remu l oi de s  
Michx) g ro�i ng in c lose a s so cia tion . A l though o fte n 
impre s s i ve i n  height and richne s s  o f  fo liage , t h e  s t ands 
o f  spruce are rare ly "pure" o r  ex ten s ive e no ug h  to warrent 
the term spruce fore s t . A s  a ru le t he y  are n ar row be l t s  
in  c lo se pro ximi t y  to , i f  no t in termixe d  w i t h , po n de ro sa 
p ine s . Whe re t he spruce fore s t  i s  re l a tive l y  p ure , i t  is 
said by some to represent a re l i c t  bo re a l  fo re s t . 
Bl ack Hi l l s -Dec iduou s Wood l ands 
The deci duous woo d lands forma t io n, comp are d to t he 
conife rou s  fo re s t , i s  not ab ly d i s conti nuou s , o c c urri n g  on 
t he f loo r s  o f  wi der va l leys and ca nyo n s , on the a l l uvi a l  
bot tom l an d s  adj ace n t  to the s t reams t hat co u r se t hro ugh 
t he lowe r  va l le y s , and o n  o c ca sio na l s lope s . The woo d la n ds 
in wi de v a l ley s a n d  c anyon s co n si s t  t ypica l l y o f  Ame rican 
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e lm (Ulmu s amer i cana L), g r een a s h  (Fraxinus p e n n s yl v a n i c a  
Mar sh ) a n d  box elder (Acer negundo L ) ,  w i t h  a n  u n de r s t o r y  
o f  n umerous s h rubs su ch a s  Hawt h o r n  ( Crat aegus r o tun di f o l ia 
Moench ) ,  chokecherry (Prunus v i rg i n i ana L ) , an d h op ho r n be am 
(Ostrya v i rginia n a  Koch). A l o n g  t he s t re a m s  o f  the lower 
elevations t he wood l an ds al s o  inc l u de c o tto nwood s ( P opu l u s  
sp p.) and wi llows ·  ( Sa li x s p p . ) .  
B l ack H il l s-Pra i r i e Gr a ssla n d  
The p r air ie grass l an d  f o rma t i o n  r e p resent s an ex ten s i o n  
in to the Black H i l l s  o f  t he s ame forma t i o n  f r o m  t he sur-
r oun ding p l a i ns . Dom i n an t . amo ng t he grass spec ies a re tho se 
, of botr1 the short-gr a ss aud t all-gr·ass p rair ies . Typical 
segmen t s  of prairie g r as slan d s  with i n  the B l ack Hi l l s a p pear 
on the more a r i d  s l o pe s  of t he f o o thi l l s, o n  ro l lin g up-
lan d s  - h i l l s, v al l e y s  a n d  me a dow s - where t he y  a re l o c al l y  
c a l led ''prairi.e s" o r  "b a l ds" . 
G i l le t te Pr air i e-B l ack H i l l s-A l p ine M i dg r as s  P r a i r i e  
Gil le tte P r a i r ie, a "b a l d" l o c a te d  in t he cen t r a l  B l a ck 
Hill s ,  i s  a t  a n  ele v a t i o n  ap p r o ac hing 1990 mete r s  abo ve sea 
level . 
The g r ow i ng sea s o n  u sua l l y  exte n d s  f r om l ate M a y  t o  m i d  
August, though free z i ng may o c cu r  duri n g  any mon th o f  t he 
yea r. Thu s, the effective g r owi n g  sea s o n  may be ret a r de d, 
sh o r te ne d  o r  per i od i ca l l y i nte r rup ted. 
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Predominant g ra s s e s  are buffalo g r as s  (Buch l o e  d a c ty-
lo i d e s Englm ) ,  b r om e g r a s s  (!?romi� i nermi s Ley s s ) ,  timo t hy 
(Phleum pratense L ), and Kentucky b l u egrass ( Po a  p r a t ensis 
L). Native leg ume s  in clude spe cie s of Astragalu s, 
The rmop si s, � xyt ro pi s  and Vicia . Among t h e  c ul t i v a t e d  
legumes a r e  alsike clov er ( Tr i �o lium hyb ridun� L ) , r e d  clover 
(Trifolium pratense L ) , an d cicer ve t ch (Astragalus cicer). 
Some o f  the l owe r v a l l e y  mea dows a r e  cul t i va t e d  in o a t s, 
alfalfa an d cic e r  ve t c h, while mo s t  o f  t h e  highe r  m e adows 
are cu t f o r wi l d  h a y . In s ome sheltered a r ea s  a spen ha v e  
become e s t abli sh e d t og e t h e r  wi t h  b e a r b e rry an d o th e r  sh r u bby 
p lan ts. The total are a  of the prai rie approximat es 200 
he ctares surround ed b y  c oni f e r ou s  fo r e s t . 
Soil s  a r e  g e n e r a l ly sha l l ow an d r o ck y, v a ryin g  in d e p th 
f rom 8 cm to 100 cm. Shallow s oi l s  a r e  c ommon on hillsides 
with d e e p e r  s oi l s  in the v a l l ey bo t toms . Soi l f e r t ility i s  
g o o d  with an av e r a g e  o f  3. 36 ppm t o t a l  N03-N t h r oughou t the 
g r o wing s e a s on, 3. 66 kilo g r am s/he c t a r e  pho spho r u s  an d 5 . 96% 
o r g anic matter. 
Lengk e ek (23) ha s no t e d: 
n ati v e  l e gumin ou s plan t s  are v e ry p r e v a l en t  in t h e  
prair i e  and c o m e  into anthesi s a t  vario u s  tim e s 
during the growing s e a s on being gra z e d  b y  d om e s tic 
liv e s tock a s  w e ll a s  deer an d g r o u s e . 
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MATERIALS AND METHODS 
1971 Gro wi ng Season - Plant Collection 
Legume plant specimens were c ollecte d throu ghout South 
Dakota from t h e  sp r i n g  of 1971 through th e summer of 1973. 
In 1971 the study took the form of a survey to be c om e  
familiar with th e native leg umes, their normal h abitats, 
growth habits and nodulation potential. A n  attempt was 
made to colle ct representative spe cimens of the same sp eci e s  
from the same area several times throughout the growing 
s e a son to inc lude buds, flowers, se ed pods (legumes) a n d  
root systems. A re c ord wa.s kept by a c c ession number to 
'il i n d i c a t e , wher8 pos s ib l e , tf-ie county, section number, road 
direction from a reference point, date an d altitude. These 
re c ords m ade i t  possible to return to the original p l a n t 
co l l ec t i o n  spot i n  an a t t emp t to c olle ct se eds. 
Plants were pressed and then poisoned w i t h  a solution 
of 0.1% m erc uric c hloride dissolved in 70% ethyl alcohol to 
preve nt d e stru c t ion b y  i n s e cts. Th e spe c imens were mou nted 
on stan dar d bo t a n i s t' s  white mou n t ing paper, identified a n d 
stored in the p e rma n e n t herbarium of the Microbiology 
Department of South Dako t a  S t a te University. 
Coincide n tal with the co l l ection of plant s , r oo t s  w e r e  
exam ine d for nodulation (Fig. 1). In the 1971 growing 
seaso n rela ti ve degre es of nodulation were re corde d in field 
notes as he avily, mo derately, or s p ar s e l y  n o d u l a t e d. 
302812 
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Fig. 1. A nodulated r oot s y s t em of Oxytropis 
campest�is L illustrating a portion of the 
extensive tap root is shown. Note the nodules 




Absence o f  nodula r  mater i a l  was a l so n o te d . No a t temp t s  
we re m a de t o  quan t i fy t he nodule s  by we i g h i n g  o r  c ou n t i n g  
due to t he n a t ure of t he s tudy at th i s  t ime a n d  the d i f  f i ­
cul t y  o f  remov i ng i n tact  r o o t  s y s tems f r om t he s o i l  wi th t he 
as suran ce tha t  a l l t he nodule s  rema i ne d  a t t ac he d  t o  t he 
root s . Note d , too , was t he qua l i t y  o f  n o d u lat i o n  t o  i n c lude 
size , in ter i o r  co l or an d mo i s ture con te n t ,  s i nce i t  i s  n ow 
we l l  ac cep ted t h a t  the amoll n t  o f  leg hemog lob i n  p re se n t  i n  a 
nodule, i n d i c a te d  by the " rednes s " o f  the n o du l ar t i s sue ,  is 
di rec t l y re l a te d  t o  n i t roge n  f ixat ion p o te nt i a l . Thus t he 
mo re red t he nodul ar t i s s ue t he more f ix a t i o n  o ne cou l d  
expect (1) . 
Seed Co l le c t i on a n d  Tes t i n g  
D i�e r se g rowi ng se ason s  a n d  i so l ate d , spor a d i c  ra i n f al l  
eve n t s  comp l i c a te seed c o l le c t ion s i nce many o f  t he se n a t i ve 
p l an t s  are adap te d  t o  emerge , f l ower , se t an d r ipe n seeds 
wi t hi n  a 6 week per iod . I t  i s  charac ter i s t i c  t ha t  t he 
legumes , or seed pods , of t hese p l an t s  de h i s ce a n d  d i s c har ge 
the i r  s eeds whe n  r i pe . P l an t s  of the s ame s pe c ie s  growing 
80 k i l ome ter s  ap ar t a t  app rox imate l y t he s ame a l t i t ude and 
la t i tu de we re found to pro duce r ipe see d a s  muc h as 2 week s  
apart . Dr ied seed was stored i n  alum i num 35 mm f i lm 
cani s ter s . 
The w i n te r  o f  1971 and e ar l y  spri ng o f  1972 we re spent  
i nve s t i g a t ing germ i n a t ion procedures a n d  ra te s . See d s  were 
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scari fi e d  by mor tar a n d  p e stl e, usi n g tw o m eth od s. Wa she d  
whi te a qua r i um sand wa s a d ded to sm all se e d s  in th e mor ta r 
to equ a l approximately 10% of the se ed volume . Th e pe stle 
was u sed sparingly to a voi d rupturing the se e d .  La r g e r  
seed s were scarified i n  th e mo r tar w i th a p e stle wra ppe d i n  
n umber 2 20-A Nor ton, Ad al ox f i n i sh i n g  san dp ap er. 
Ge rm i n ati on tests w er e  a cc omp l i she d by su r fa c e  ste r i l ­
i zi ng the se ed to m i n im ize m�c r ob i a l  con tam i n a n ts .  The 
see ds w e re p la ced in a 0.1% sol uti on of mer c ur i c  c h l or i d e  
(HgCl2) f or a few se c on ds, fol l ow ed b y  tw o r i n se s  i n  ste ri l e  
wa te r . See d s  wer e pl a ced i n  ste ri l e p e tr i  d i sh es con ta i n i n g  
a carpet o.r Whatn1a n Ne . 1 filter paper, <lampeL:ted with 
ster i le wa t e r  to m a i n ta i n  a h i gh humi d i ty, a n d  g e r mi n a ted i n  
a d ar k  b ox at r oom tempe ra tur e. Af te r  10 d ay s  th e n umbe r  of 
germ in a ted se eds w a s c ou n ted a n d  germination pe r c en ta g e s 
c a lc u la t e d .  
19 7 2  Grow i n g S e a son - Eva l ua ti on of Ni tr og e n  F i x a ti on -
Cottonw ood 
The C otton w ood Ra n g e Exp e r ime n t Sta ti on was se l e c te d  a s  
a b a se f rom w hi c h  to c on duc t th e fi el d i n ve sti g a ti on s. 
During the mon th s of Mar c h  a n d  Ap ri l , 1 9 7 2 ,  an 8 b y  50 f oot 
mobi l e  hom e  wa s reb ui l t  i n to a mob ile laboratory f a ci li ty .  
The l i v i ng -d i n i n g  ar e a  bec a me a c hem i str y l ab or ator y . Th e 
sma l l est b edroom , which could b e  i sol a ted f r om th e r e st of 
the tr ai le r, b ecame a microbiology l abor ator y .  A i r  
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condit i o n i ng was a dded t o  e n sure proper i n c uba t i o n t emp era­
ture f or soil m icro be s . 
Two n a t i v e  legumes, Astragalus m iss o u rie n s i s  Nut t and 
As t r agalus s t ri.a t u s Nutt wer e  s elec t e d  f or t h e mo s t  str i n­
ge n t  ev aluatio n , t ho ugh not t o  t he exclus i o n  o f  other 
legume s .  
The se 2 s pe c i e s  wer e s ele c t ed fo r a n umb e r  o f  re a s on s . 
A. mi s s our i ens i s  i s  bounti ful i n  t he e n v iro n s o f  Co tto n woo d 
and c o uld , t herefo r e , b e  colle c t ed w ith a m i n imum exp endi­
ture o f  tim e . A .  stri a t us i s  le s s  plen t i f ul a t  Co t t o nwo o d  
but i s  fo u nd t hro ugh out S o ut h Dakot a and app e ars adapt ed t o  
diverse soils and climati� conditions. The herbariwn 
cat alog ues sp e c i me n s  of A. s tri atus from e x t r em e  e a s t e r n  
South Da ko t a  a s  well a s  f r om eleva t i o n s  i n  exc e s s  o f  1800 
me t ers i n  t he Black Hills . Welch (37) n o t e s  t ha t  A. 
s t ria t us i s  f o u n d  from Alask a a n d  t h e Nort hwe s t Terr i t or i e s  
t o  Colorado , a n d  p o s t ula t e s t h at i t  i s  a v a r i a n t  o f  A. 
adsurgen� Palas , a European sp e c i e s . I f  t hi s  h yp o t hes i s  i s  
bor n e  out , t h e  s p e c i es will prove t o  h av e  an h i t her to u n ­
susp e c t e d  ra nge . Bo t h  sp e c i e s we re usually f ound to  b e  well 
nodulated wit h mo i s t , p i n k  n o dules t h roug ho u t  t he growi ng 
seas o n. S e e d s  f r om !· s t r i a tus germ� n a t e d  well a n d  s e e d­
li n g s  were eas ily grown in t he gre e n hou s e . The s e  f i n d i n g s  
were suppor t e d by So il Con serva t ion S erv i c e  d a t a o n  cult i v a­
t io n of n at i v e  legumes o f  t he Gr eat Pla ins (3) and by wor k  
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don e in Nor t h  Dako t a  (War r e n  C .  Wh i t man , person a l  c ommu n i c a­
t i o n ) ( 30 ,  38 ) .  
Th e ac e t y l e n e  r educ t io n  a s s a y  was t h e  me t ho d c h o s e n  t o  
ev a l u a t e  n i t r og e n  f i xa t io n . Some t y p e  o f  c l o s e d  s y s t em t o  
c on t a i n  ro o t  n o du l es p l u s  an a r t i f i c i a l  a tmo s p h e r e  c o n t a i n ­
i ng a c e t y l e n e f r om wh i c h  p e r i o d i c  g a s  s amp l e s  c o u l d  b e  dr awn 
was n ec e s s a r y . The b e s t p o s s i b l e  d e v i c e  f o r  t h i s a s s ay 
wou l d  b e  o n e  i n  wh i c h  an i n t ac t  p l a n t  grow i ng i n  i t s  n a t ur a l  
e n v i r o nm e n t  c o u l d  b e  u s ed . Th i s  i d e a l  " i n s i t u "  s i t ua t i on 
was impo s s i b l e  t o  a c h i e v e . We had n o  k n ow l e d g e  o f  how we l l  
n o d u l a t e d a g i v e n  sp e c imen m i g ht b e  i f , i n de e d , i t  w a s  
n o d u l a t e d a t  a l l , w i t ho u t  f ir s t  d i s t u r b i n g  t h e r o c t  s y s t em . 
The se r o o t s y s t ems o v e r l ap an d i n t e r tw i n e  r oo t s  o f  n um e r ous 
o t h e r p l a n t s , l eg u me s and n o n - l egume s , n o d u l a t e d  a n d  n o n ­
nodu l at ed , e f f e c t i v e  a n d  i n e f f e c t i v e , mak i n g i n d i v i d u a l  
p l an t s  imp o s s i b l e  t o  s t udy . 
Gr e a t  d i f f i cu l t y i s  e n c oun t e r e d  whe n t r y i ng t o  e xp o s e  a 
c omp l e t e r o o t  s y s t em w i t hou t  d e s t r o y i ng , d amag i n g o r . l o s i n g  
t he a t t a c h e d  n o d u l e s . Te d i ous , t ime con sum i ng wa s h i n g 
p ro c e s s e s  m u s t  b e  u s e d  t o  r emo v e  a l l  b u t  t he l i g h t e s t s a n d y  
so i l . The r e f o r e  n o  a t t emp t was made t o  q u a n t i f y  t he amoun t 
o f  n i t r o g e n  f i xe d  p e r  p l a n t  or p e r  u n i t  n o d u l e  w e i g h t . Th e 
s t u d y c o n c e r n e d i t s e l f  w i t h  t h e q u e s t i o n  " Do t h e y  o r  d o  t hey 
n ot f i x  n i t r o g e n  a n d ,  if  s o , how w e l l  jn  r e l a t i o
n  t o  o t h e r  
l eg ume s ? ' '  
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Th e pr oc e d u r e  use d by R . H .  Bur r i s  at t h e  U n i v e rsity o f  
Wisc o n s i n f or exposur e  o f  r oots an d nodul e s  t o  a c etyl e n e  
wit hout e xc is i n g  t h e ab o v e  g r oun d p o r t i on o f  t h e  pla n t  
se em e d  t o  b est l e n d  itse l f  t o  o u r  ob j e ct ives ( R . H. B u r r i s , 
p e rson a l  com u n i c at i on ). 
Th e legum i n ous p l ant was r emov e d  f r om t h e  so i l , wh e r e  
i t  natu r al l y  oc c ur r e d , b y  est i mat ing t h e  d i am e t e r  o f  t h e  
r oo t  sy stem , d r aw i ng on p a s �  e xpe r i e n c e  a n d f am i liar i ty wit h 
th e sp e c i e s  i n  s u c h  a way that t h e r e  was m i n imal d i sr u ption 
o f  r oots an d n o d ules. A f ter d e t e rm i n i n g i f  a p l an t  was 
nodu l ate d it wa s n ot n e c e s s ar y  to c ompletely e xp o s e  t h e  
r oo t s , t houg h f r ac t u r i ng t h e  s o i l  c o r e f ac i l i t a t e d  a mo r e  
rap i d  g a s  e x c ha n g e  b etwe e n  atmosphe r e  an d r oots . I f  the 
st em was wet , i t  was d rie d n ear th e c r own an d i mm e d i a t e l y  
wrapp e d  with mo d e l i ng c l a y  i n  whic h a gas i ng por t had b e e n  
emb e d d e d . Ref e r  t o  F i g . 2 f o r  d etai ls o f  th e g asi ng p or t .  
A f t e r  sea l i ng t h e  mod eling c l ay ag a i n s t  t h e  ste m  t h e  r oot 
sy stem was p l ac e d i n  a 12 . 7  x 30 . 5  c e ntime te r s a r a n b�g. 
S a r a n  b ag s we r e  c hose n b e cause they ar e l ess pe rmeable to 
ga s es t han other pl astics. Th e bag was t h e n  smoothly r o l l ed 
ar ou n d  t h e  mod eling c lay. Car e was tak e n  t h at t h e r e  we r e  
no la rg e wr i n kles to cause l eaks , an d t he bags w e r e  se c u r e d  
wi th 2 p l a s t i c  " Tw i s t em s " o f  t h e  typ e  use d to s e al plast i c  
food wr appe rs . Fig . 3 s hows detai ls of a pla n t with the 
root s y stem e n close d in a saran b ag. I t  wa s  thou g h t  to be 
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des i r ab le to s imu l a te t he p l ant ' s  natur a l  env i r onme n t  as 
c l ose l y  as pos s ib le and a l l ow p ho t o s yn t he s i s  to p ro cee d . 
S i n ce i t  wa s no t pract i c a l  to re t urn t he p l an t s  t o  t he so i l  
f o r  te s t i ng , t he p l a n t - con t a i n i ng bag s we r e  s u s pe n de d  i n  a 
dark box i n  a s hade d  are a  adj ace n t  t o  t he mob i le l a�or atory 
bef o re g a s i ng was a ccomp l i s hed . The dark b ox a c commodat e d  
1 0  rep l i c a te s  per tes t . A s haded ar ea wa s des i r ab le t o  
reduce t ra n sp i rat ion from t he p l ant  a s  a re s u l t  o f  t he h i gh 
hea t  an d d i re c t  s un l i gh t  of  t he s t ud y a re a . See F i g . 4 
for det a i l s  of t he dark box . 
Gas in g  wa s car r ied out b y  t ra n s ferr i ng 1 00 c c  o f  pure 
acet y l en€ t o  e a c h  b a g  f rom a s t o r age r 2 servo i r  w i t h  a 50 c c  
g l a s s  hypoderm i c  s yr i nge .  See F i g . 5 for de t a i l s  o f  t he 
s torage r e servo i r . 
No a t temp t wa s made t o  create a n i trogen f ree a tmo s­
phere b y  succe s s ive evacuat ion s and re f i l l i n g  o f  t he bags 
with m i x t ure s o f  o 2 , c2H2 and an i ne r t  g a s . If  t he bags  
were d i s te n ded pr ior t o  gas i ng , 1 0 0  c c  o f  air  w a s  r emoved 
throug h t he g as i ng port  pr ior to add i t ion o f  a ce t y le ne . 
The s y r i nge was made "gas  t ig h t " by we t t i n g  t he p lunger 
w i t h  water to cre a te a sea l  be tween p l unge r  a n d  barre l . 
Gas s amp le s were remove d w i t h  a 5 c c  g l a ss s y r i n ge at 
3 0  m i nu te s , 2 hou r s , 5 hour s and 2 4 hour s  f rom i n i t ia l  gas­
i ng . The s yr i nge was pumped 3 t imes , af ter t he nee d le had 
been i n se r te d  i nt o  t he bag , be fore w i t hdraw i n g  to e n sure a 
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P i e c e s  o .f p l y w o o d w i t h  h a l J c i r c l e s c u t  i. n e a. c h  h a l f .  
Ea c h  h a l f  i s  lw l d  i n  p l. a c e  w i t h  b a r s  b o l t e d  a c r o s s  t h e  
t o  P . I3o l t o n  l c g  s a r c  2 . 5 ·1 x 5 . 0 S c m  w h i t e p i_ n e . T h e  
Sa r a n  b a g s  _ a r e  s u s p e n d e d  i n s i d e t h e b o x  b y  s t r i n g s  
s e c u r e d  t o  G .  3 5  m m  dowe l s .  P l a n t s  f r om e rown u p  
P r o t r u d e  f r om d a r k b o x  s o  p l a n t s  m a y  p ho t o s y n t h e s i ze . 
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F i g . 5 .  R e s e r v o i r  f o r s t o r i n g 
a c e t y l ene . 
S t o p c o c k  C c on t r o l s  e n t r y o f  
d i s p l a c in g  f l u i d  and D t h e  e x i t 
o f  t h e  g a s  m i x t ur e . A f t e r 
s e r um s t o p p e r  E i s  s e a t ed , t h e 
s p a c e  F can b e  e v a c u a t e d  t h r o u g h  
a h y p o d e r m i c  n e ed l e . W i t h  C and 
D o p en , t h e g a s  m i x t u r e  c a n  b e  
r emo v e d  f r om s p a c e  F an d A w i t h  
a h y p o d e rm i c  n e e d l e  an d s y r i n g e . 
24 
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rep r e s e n t a t i v e  samp l e . The s e  gas s amp l e s w e r e  i nj e cte d fo r 
s t orage i n t o sma l l  2 cc t e s t  t ubes p lugged w i t h  s e r um b o t t l e 
s t o pp e r s . Th e t es t  t ub e s  h ad been p r e v i o u s l y  e v a c ua t e d  i n  
t he l ab o r a t o r y  wi t h  a We l c h  h ig h - v a cuum pump . . 
Th e s �� r e d  s amp l e s  we r e  t r a n sp o r t ed to Brook i ng s  b i ­
we ek l y  to b e  a n a l y ze d  for t h e  p r e s e n c e  o f  e t hy l e n e  ( C2 H 4 ). 
Ethyle n e  has b e e n  p r ov e n  to be a n a t u r a l  produ ct of plants 
( 32 )  nor m a l l y q u i t e  u n a s so c� a t ed w i t h  b i o l og i c a l  n i t r o g e n  
f i xa t i on . Mi n u t e  amoun t s  of e t hy l e n e ar e o f t e n  d e t e c t ed i n  
t h e  atmo s p he r e of i n dus t r i a l  areas . Contr ol s ample s  o f  
acet y len e u s e d  i n  the i n v e s t i ga t i o n s we r e  p e r i o d i c a l l y  
a n B l y ze t o  d e t ec t  a n y cob t am i n a t i n g  e t hy l e n e . P l an t  
c on t rol s i n  s a r a n  b ags co n t a i n i n g  n o  acetylene we r e  i nclu ded 
in each t e s t  to a s s u r e  that no de t e c t ab l e  l ev e l s  o f  eth ylene 
we r e  b e i n g e v o l v e d  n atura l l y b y  t he p l a n t s . No n e  was eve r 
d e t e c t e d  a t  the se n s i t i v i t y  l e v e l s  u s e d . 
Th e g a s - l i qu i d  c hroma t o g r aph u s e d  was a d ua l c o l umn 
Var i a n Ae rogr ap h , Ser i e s 1 5 20 .  Pure n itrog e n  a t  1 2  P S I  was 
t h e  c a r r i e r g a s . A 1 8 5 . 5  c e n t ime t e r  a lum i n um c o l umn , 3 . 1 7 
m i l l i me t e r s  i n  d i amete r ,  was u t i l i ze d . The column was 
pa c k e d  w i t h  f u l l y  a c t i va t e d  alcoa , ty pe F 1 , c h romatogr aph 
grade , w e t s c r e e n  c l ass i f ied a l um i na . Ov e n  t emp e r a t ur e  wa s 
1 5 0  C . The r e c o r d e r  was a S a r g e n t , s e r i e s  S RG . 
1 97 2  - Rh i zob i um Cu l ture 
The med i a  u s e d  f o r  cu l t i v a t i o n  of nod u l e  b a c t e r i a were 
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Ye a s t  Ex t r ac t  M an n i t o l  Agar ( 2 )  a n d  Ieas� ��t r a c t Ma n n i t o 1 
A n t i b i o t i c  Agar ( 1 5 ) . 
Man n i t o l  
D i po t a s s i um .  p h o s p h a t e  (I-L)IP04. )  
Mag � e s i um s u � p h a t e  ( Mgso: · 7H20 )  
So d i um c h l o r i d e ( NaCl ) 
C a l c i um c ar b o n a t e  ( Ca C0 3 ) 
Ye a s t E x t r a c t  
Agar a g a r  
D i s t i l l e d w a t e r  
1 0 . 0  g 
0 . 5  g 
0 . 2  g 
0 . 1  g 
3 . 0  g 
1 0 . 0  g 
1 5 . 0  g 
1000 . 0  m l  
Yea s!_ Ex t r a c t  Ma n n i t o l  A n t i b i o t i c  Agar 
Ma n n i t o l  
La c t o s e  
Dipo t a s s i um p h o sp h a t e  ( K2HP04 ) 
S u d i  u1n c h l o r i d e ( NaC l ) 
Ca l c i um ch l o r i de ( CaC l 2 · 2H20 ) 
Magn e s i um s u l f a t e  ( MgS04 · 7 H 20 ) 
F e r r i c  ch l or i d e ( Fe C l 3 - 6H2 0 ) 
Ye a s t  Ex t r a c t  
A g a r  a g a r  
D i s t i l l e d  wa t '?. r 
5 . 0 g 
5 . 0  g 
0 . 5  g 
0 . 2 g 
0 . 2  g 
0 . 1 g 
0 . 1 g 
0 . 5 g 
2 0 . 0  g 
1 000 . 0  m l  
Au t o c l a v e  f o r  1 5  m i n u t e s  a t  1 5  P S I. Th e n  a d d  t h e 
f o l l ow i n g  a n t i b i o t i c s a f t e r  a l l ow i n g  t h e m ed i um t o c o o l : 
P e n t a ch l o r o n i t r ob e n z i n e  
Na b e n �y l p e n i c i l l i n ( p e n i c i l l i n G )  
C h l o r om y c e t i n  
Su l f a t h i a zo l e  
Neom y c i n  
Adj u s t  p H  t o  7 . 0  a n d  p o u r . 
1 0 0 . 0 mg 
2 5 . 0  mg 
1 0 . 0  m g  
2 5 . 0 mg 
2 . 5  mg 
Th e Ye a s t Ex tr a c t  Ma n n i t o l  Ag ar · was t h e m e d i um c h o s e n 
s i n c e i t  w a s  l e s s  e x p e n s i v e a n d  t ime co n s um i n g t o  m a k e .  Th e 
an t i b i o t i c  m e d i um w a s  u s e d  t o  p u r i f y c u l t ur e s i n a smu c h  a s  
i t  w a s  h i g h l y  s e l e c t i v e f o r  r h i zob i a , a l t ho u g h  s ome s l o w , 
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poor l y  g r ow i n g  Rh i zob i um spe c i e s  we r e  exc l u de d . 
No du l e s  we r e  co l l ec t e d i n  t h e  f i e l d  f r om p l a n t s as t h ey 
we r e  r emo v e d  f r om t he gr o u n d  f o r  a c e t y le n e  r e d uc t i o n  a s s ay . 
No du l e s  f r om e a c h  p l an t were p l aced i n  s ep a r a t e , s t e r i l e 15 
ml s e r um bot t l e s  and c ap p e d  w i t h  s e r um s t opp e r s . On e drop 
o f  s t e r i l e  wa t e r  was i n j e c t e d  t hr o ug h  the r ub b e r  s t opp e r  
w i t h a s y r i n g e  t o  p r ev e n t  de s s i c a t i o n  o f  t h e  n o du l a r 
ma t e r i a l  b e f o r e  t he bo t t l e s  w e r e  r e f r i ge r a t e d  f o r  t r an sp o r ­
t a t i o n  t o  t h e m i c rob i o l o gy l ab o r a t o r y  a t  Co t t o n wo o d . 
Rep r e s e n t a t i v e  sp e c imen s  of t he n o d u l a t e d  l eg ume s we r e  
c o l l e c t e d  f o r  p r e s e r v a t i o n  i n  t h e  herbar i um ,  a s  d o c ume n t a ­
t io n  f o r  spe c i e s . 
I n  t he l ab o r a t o r y  a c u l t u r e  t e c h n i q u e  w a s  e s t ab l i s h e d  
t h rough t r i a l  a n d e r r o r . Var i o us r i n s e s  w e r e  us e d  o n  t he 
nodu l e s  t o  r e d u c e  s u r f a c e  c o n t am i nat i o n . Amo n g  t he c hem i c a l  
an t i s ep t i c s u s e d  were 7 0 %  e t hy l  a l coh o l , a 0 . 1 % a q u e o us 
so l u t i o n  o f  m e r c u r i c  c h l o r i d e  a n d  a 0 . 0 0 18% aque o u s  so l u t i on 
o f  s o d i um h y p o c h l o r i t e ( ho u s e ho l d  b l e a c h ) .  The s o d i um 
hypo c h l o r i t e  a n d  mercur i c  c h l o r i de s e emed t o  r ed u c e  v i ab i l i ­
t y  o f  t he r h i zo b i a  w i t h i n  t he sma l l e r  n o du l e s co l l ec t e d , so 
a 70% e t hy l  a l c oho l r i n s e  was u t i l i zed . Two r i n s es o f  
s t e r i l e  wa t e r  f o l l owed b y  1 0  s e conds i n  a l c o ho l , t h e n  2 
ad d i t i o n a l  r i n s e s o f  wat e r  s e eme d  t o  b e s t  r e duce s u r f ac e  
co n t am i n a t i o n  w i t ho u t  s t e r i l i z i ng t he n o du l e  c o n t e n t s . 
Tr a n s f e r s f r om o n e  r i n s e  t o  a n o t her were ma d e  w i t h  s ep a r a t e  
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s t e r i l e  f o r c e p s . 
I n d i v i dua l nodu l e s  we r e  r emoved f rom t he f i n a l  r i n s e  
an d t r an s f e rr e d  a s ep t i c a l l y  t o  s e p a r at e c u l t u r e  p l a t e s  
whe r e  t he y  we r e  s q ue e z e d  w i t h  forcep s , t o  e x t r u d e t h e  
c o n t e n t s ,  s t r e aked , a n d  i ncub a t e d  a t  2 6  c .  
I t  wa s e s s e n t i a l  to r i n s e o n l y  o n e  n o d u l e  i n  e ac h 
s e r i e s  o f  r i n s e  s o l u t i o n s  to avo i d  c r o s s  c o n t am i n at i o n . 
On e p l an t  may b e  n o du l a t ed - b y  mo re t h an on e s t r a i n  o f  
Rh i zob i um . Some n o du l e s  may e f f ec t i v e l y f i x  n i t r og e n  wh i l e 
o t he r s  may no t . Th us , to i s o l a t e  e f f e ct i v e  s t r a i n s  o f  t he 
s y mb i o n t  i t  was e� s e n t i a l  t o  t r e a t  e ac h  nodu l e  s ep ar a t e l y . 
C u l t ur e s  were - i n i t i a l l y  scre e u e J  b y  Gr am ' s  s t a i n i ng f or 
Gr am ' s  n eg a t i v e b a c i l l i . A l l o t he r  cu l t ur e s  w e r e  s t e r i l i zed 
an d d i s c ar d e d . Berge y ' s Man u a l  o f  De t e rm i n a t i ve Ba c t e r i o lo -· 
gy , 7 t h  Ed i t i o n  ( 6 )  i s  v a g u e  a b o u t  p h y s i o l o g i c a l  tr a i. t s  o f  
t h e  ge n u s  Rh i zob i um t hough d e f i n i t e  about morp h o l o g y  a n d  
Gram ' s  s t a i n i n g  c hara c t e r i s t i c s . On l y  6 sp e c i e s  o f  t h i s  
g e nu s ar e r e co g n i ze d  b y  B e r g e y ' s  Ma n ua l . The s e  6 a r e a l l  
n ame d  f o r  t h e l egum i n o u s  p l an t w h i c h  t hey e f f e c t i v e l y  
nod u l a t e . S t ud i e s i n  Wi s con s i n  have s hown t h a t  t h i s  c l as s ­
i f i c a t i o n  s c h eme i s  i n a d e q ua t e  b e cau s e  o f  t he p r e s e n c e  o f  
cro s s  i n o cu l a t i o n  g r o up s . ( 9 ) .  
Li tmus m i l k  an d a s e r i e s  o f  p h e n o l  r e d  f e r m e n t a t i o n  
b r o t hs i n c l ud i n g  g l uc o s e , ga l a c t o s e , mann o s e , l a c t o s e  a n d  
ma l t o s e  wer e  i no c u l a t e d . Any c u l t u r e s  w h i c h  p ro d uc e d  g as 
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or r ap i d  p r o t e o l y s i s  we r e  d i s c a r ded . Cu l t u r e s  we r e  k e p t  i n  
t he p h y s i o l o g i c a l  m ed i a  f o r  4 we e ks a n d  r e ac t i o n s  we r e  r e ­
cor d e d  p er i o d i c a l l y . I so l a t e s  w h i c h  f o rm hea v y  muco i d  
co l o n i e s  ar e mo s t  t yp i c a l  r h i zob i a  b u t  o t he r  g r ow t h h ab i t s  
h ave b e e n  r e co r d e d . Some are s l ow growi n g  wh i l e  o t he r s  
grow q u i t e  r ap i d l y . Re f e r  t o  F i g . 6 f o r  t yp i c a l  l i t mu s  
m i l k  r e ac t i o n s . 
Th e o t h e r  2 g e n e r a  i n - t h e f am i l y  Rh i zob i ac e a e  s hare 
many t r a i t s w i t h  t h e i r s i s t er g e n u s  a n d  t he r e f o r e  t h e o n l y  
cer t a i n  m e t ho d o f  i den t i f y i ng i s o l a t e s a s  Rh i zo b i um s p p . i s  
b y  u t i l i z i n g  Ko c h ' s  Po s tu l a t e s . Th e supp os e d  Rh i zob i um mus t 
be i �o l a t e d  f r om a n o du l e , cu l t u r e d , r e i n ocul a t e d  i n t o  a 
p l a n t  o f  t h e s ame sp e c i e s  a n d  r e c u l t ur e d . 
I s o l a t e s  wh i c h were a s s umed t o  b e  Rh i zob i um spp . a r e  
cur r e n t l y  b e i n g m a i n t a i ne d  o n  Ye a s t  E x t rac t Man n i t o l  Ag a r . 
1 9 7 3  G r ow i ng S e a son - Eva l ua t i o n  o f  N i t r ogen F i xa t i o n  -
G i l l e t t e  P r a i r i e  
I n  m i d-Ma y o f  1 9 7 3  t he mob i l e l ab o r a t o r y  wa s mov e d  t o  
t h e  G i l l e t t e  P r a i r i e  s i t e  s o u t h  o f  De er f i e l d  Lake i n  t h e  
B l ac k  H i l l s . I t  was dec i de d  t o  c o n c e n t r a t e  o u r  e f f o r t s  t h i s  
grow i ng s e a s o n  o n  As t r ag a lus s t r i at u s  an d a t t em p t t o  
eva l ua t e  i t  f o r  n i t r ogen f i x a t i o n  p o t e n t i a l . A u n i q u e  
oppo r t u n i t y  was p r e s en t e d  f o r  a comp a r a t ive s t u d y , t h i s  
ye ar , b e t we e n  A .  s t r i a t u s  a n d A .  c i c e r  c u l t i v a r  Lu t an a . The 
f o rm e r  g r ows i n  a b u n d a n c e  o n  t h e  pr a i r i e  a s  ma y be see n  i n  
Fi g . 6 L i t m u s  M i l k  Re a c t i o n s  
No t e  t h e r e a c t i o n s  i n  t h i s  r a c k  o f  l i t mu s  m i l k  
m e d i um o n e  m o n t h  a f t e r  i n o c u l a t i o n  w i t h  
Rh i zo b i um s p p . I n  s o m e  t u b e s  t h e r e i s  a t o t a l  
l ac k  o f  r e a c t i o n . Some s how comp l e t e  p r o t e o l y s i s 
wh i l e o t he r s  h a v e  o n l y  a s l i g h t  s e r um zo n e . 
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Fig . 7 ,  a n d  t h e  l a t t e r  was p l anted a s  a f o r age crop d i re c t ­
l y  adj a c e n t  t o  t h e  nat ive A .  s t r i atus . 
We h a d  e xp e r i en c e d  d i f f i cu l t y  i n  t h e  1 9 72 s tu d i e s  i n  
tran spor t i ng s tored g a s  s amp l e s  f r om t he Co t to nwoo d  s i te to 
t he Broo k i ng s  l ab o r a t or y  for  the acety l e n e  r educ t i o n. a s s ay . 
For s ome und e t e rm i n e d  reason t he g as s amp l e s  wer e - n o t  
un i f orm a f t e r  s to rage a n d  transporat i o n . Th e y  gave e r r a t i c  
data on t h e  c h r oma tograp h . Accor d i n g l y , t he mob i l e  l ab­
orator y was e q u ipped wit h the Var i a n  Aerograp h  g a s  
chroma t o g r ap h  obv i a t i n g  t he need t o  s to r e  g a s  s amp l e s  a n d  
grea t l y  f ac i l i t at i n g  t he . a s s ay work . S amp l e s  . coul d be 
drawn d i r e c t l y f rom t he i n cubat ion cont a in e r s  and i n j e c t e d  
i n t o  t he G L C  co l umn . 
Th� s y e a r  ( 1 9 7 3 ) s i n c e  quan t i t at io n  was s t i l l  no t an 
obj e c t ive of t h e  s t udy , and t he i n cub a t i on of in t a c t  p l an t s  
had proven t o  b e  c umber some , we a l t ered t he a c e t y l ene 
atmosph�r e  i n c ub a t i o n  t e chn ique . Exc i s e d  n o d u l e s  wer e 
p l aced i n  1 5  c c  s er um bo t t l es capped wi t h  r ubber s erum 
stoppe r s .  A s  i n  t h e  p r ior year acety l en e  was added t o  the  
cont a i n e r s w i t h  s y r i ng e s  and need les  t hrough t he rubb e r  
s toppe r s . Per i o d i c  s amp l e s  were w i t hd r awn a n d  an a l y zed . 
A s t r ag a l us c i c e r  c u l t ivar Lutana and As t r aga l us s t r i at us 
samp l e s  wer e  a n a l yzed concurren t ly ( F ig . 8 ) . Af t e r  the 
s amp l e s  were s ubj e c ted t o  t he acet y l ene r educ t io n  a s s a y  the 
nodul e s  w e r e  r emoved f rom t he serum bot t l e s and we i g he d . 
F i g . 7 .  A n a t i v e  s t an d  o f  A s t r a g a l u s  s t r i a t u s  
o n  G i l l e t t e  Pr a i r i e i n  t h e  B l a c k  H i l l s o f  S o u t h  
Dako t a . ·Th e i n v e s t i g a to r s a r e  co l l e c t i n g · r o o t  
n o du l e s  f o r  n i t r o g e n  f i x a t i o n  e xp e r ime n t s .. No t e  
t h e  p r o f u s e  g r ow t h a n d  n umb e r  o f  s e e d  h e a d s  o f  
A .  s t r i a t u s . 
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F i g . a .  I n  t h e  mob i l e  l ab o r a t o r y  a g a s  s amp l e  
i s  be i n g  removed f rom a n  i n cub a t i o n  bo t t l e  w i t h  
a m i cro- s yr i n g e  f o r  a n a l y s i s  o n  t he c h r om a t o g r ap h . 
The b o t t l e  i s  en v e l op e d  i n  t he i nv e s t i g a t or ' s  
h an d . 
3 3  
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Va rious biotic and abiot ic fac tors inf l u e n c e  t h e 
g r owth , nodu l ation and nitrog en fixation pot e n t i a l s  of 
leg umino us pla nts . Th e fol lowing p ar ame t ers w e r e  me as u r e d  
i n  this inv estig a tion . 
Wea t h er D ata 
We ather d a t a  were accumula t e d in 1 9 7 2 and 1 9 7 3  by 
v arious m e a n s  and d e vices . Air temp e r a t ure and ra i nfa l l 
da t a  we r e  ob t a ine d f rom a weath e r  s t ation main t ain e d a t  
Cotton wood . Sur f ac e  and s ubs urface ground t emp e r a t ures 
wer e obta i ned by using probe t yp e  thermometers . 
At G i l lette P r a i rie · an a u t oma t i c t emp eratur e r e cording 
de v i c e was tried but when hum i d i t y  made i t  i no p e r a t i v e  
a f t er he avy d e w  or r ainfal l events i t  was d is c a r d e d  i n  
f avor o f  probe typ e  t he rmome t e rs and rain g au ges . 
Or g a nic M atte r a nd Soi l Wate r Data 
Anoth e r  investig ation was being cond ucte d on Gil l ette 
Pr airie at this s ame tim e . The inv es t ig a tors wor k ed · 
tog ethe r to p rovide d a t a  on soil wate r . Perc ent org anic 
m a t t er a nd soi l  chemistry d ata were determi n e d  by t h e  Soils 
Testin g Laboratory at South Dakota State Univ e rs ity at 
Brookings , South Dakot a from composite soil s amp l es collect­
ed by the inv estig ators . 
Soi l  w ater d ata were de riv ed by weighing composite 
s amples in c r ucib les and then s ubtra c t i ng the dr i e d c r ucible 
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we i g ht t o  g i v e  w e i g ht o f  so i l  p l u s  wa t e r . The s o i l  s amp l es 
we r e  t h e n  ov e n - dr i e d f o r  2 4  hou r s  a t  1 0 0 C a n d  r ewe i g h e d . 
Dry so i l  we i gh t  was s ub t r ac t e d  f r om we t  s o i l  w e i g h t t o  g i v e 
t h e  we i g h t  o f  wa t er d r i v e n  o f f  b y  heat i ng . Ca l c u l a t i on o f  
p e r c e n t  s o i l  w a t e r  was de t erm i n e d  b y  t h e  f o l l ow i n g  f o rmu l a : 
we t s o i l  we ight - dri so i l  we igh t x 1 0 0 % s o i l  H 2 0  = wet so i l  we i g ht 
RESULTS AND D I S CUSS ION 
P l a n t  Co l l e c t ion an d I de n t i f i ca t i o n  
The r e su l t s  o f  t he co l le ct ion and i de n t i f i ca t i o n  o f  
nat ive l eg ume s comme n c i ng i n  1 9 7 1  an d con t i n u i ng t hrough 
the p r e s e n t  t ime are summar i ze d  in the f o l l owing p ap e r  
accep t e d  f o r  p ub l i ca t ion i n  t h� 1 9 74 Pro cee d i n g s  o f  t h e  
Sout h Dako t a  Academy o f  S c i ence . 
36 ' 
HE RBAR IUM OF NAT I VE LEG UM E S  AND OTHER 
SYMB I OT I C N I TROGEN- F I X I NG PLANTS OF S O UTH DAKOTAl 
Ro n ald S .  S have and Ro b e r t  M .  P e n g r a  
So i l  M i c r o b i o l o g y  Lab o r ator y , Mi crob i ol o g y  Depar t m e nt 
· ·  
S o u t h Dak o t a  S t at e Un i ve r s i t y  
B ro ok i n g s , So u t h  Dako ta 5 7 0 06 
Th e imp o r tan c e  o f  b i olo g i cal n i t r d g e n  f i xat i o n  i n  
e s tabl i s hme n t  an d ma i n t e n a ri c e o f  s o i l  n i t r o ge n i s  o f t e n 
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u n de r e s t imated o r  n e gle c t e d . S t u d i e s  o f  cult i vat e d  le gumes 
s uch a s  a l fa l fa an d t h e  clove r s , a ll i n t r o du c e d s p e c i e s , 
hav e  s hown t h em t o  be valuable i n  r eple n i s h i n g  s o i l  n i t r o g e n  
whe n p r o p 0 rly n o d u l at e d  an d u s e d  as a g r e e n  man ur e c rop . 
Vi rtually n o  w o r k  has b e e n  do n e  i n  meas u r i n g  t h e valu e o f  
nat i ve l e g u me s  i n  g ras s lan d s . 
S t u d i e s  i n  t h e S o i l  M i c r o b i ology Lab o ra t o r y  o f  t h e 
So u t h  Dako t a  A g r i c ul t u ral Exp e r ime n t  S ta t i o n  a r e  u n d e rway t o  
de t e rm i n e  t he val u e  o f  t h e s e  plants i n  t he p ra i r i e  g ras s -
lan d s  o f  eas t e r n , c e n t ral , an d we s t e r n S o u t h Dako t a  an d t h e 
alp i n e  m eadows of t h e  Black H i ll s . Par t o f  t h e s e  stu d i e s  
i n volv e s  d e t e rm i n i n g  t h e o c c ur r e n ce an d p r e va l e n c e  o f  nat i v e  
le g um i n o us s p e c i e s  i n  t h e stat e . 
The bo t an i cal spe c i me n s  o f  the r e g i o n  hav e b e e n c ol-
le c t e d  and c las s i f i e d  a c c o r d i n g  to many s c h em e s , b e g i n n i n g  
! App r o v e d  f o r  p u b l i cat i o n b y  t he D i r e c t or o f t h e S o u t h 
Dako t a  Ag r i c u l t ur a l  Exp e r i me n t  S t a t i o n  as pap e r  1 2 7 0  o f  
t h e  Jo u r n al S e r i e s . 
3 8  
w i t h  t he Lew i s  an d C l ark exp l o r a t i on o f  1 8 04 - 1 8 06 w h i c h  
y i e l de d  a s p e c i me n a n d  d e s c r i p t i o n  o f  As t r ag a l u s  t e ne l l us 
P u r s h . Amo n g  t h e  e ar l y b o t an i s t s  s t u d y i n g  t he f l or a  o f  t h e  
p l a i n s we r e  Th oma s Nut t a l l a n d  John Br a d bur y i n  t h e  U n i t ed 
S t a t e s  an � John Ri ch a r d s on an d Dav i d  Do ug l a s  i n  C a n a da . 
Arou n d  1 9 0 0 , wo r ke r s began t o  a c cumu l at e  s p e c im e n s  o f  l o c a l 
p l an t s  i n  r eg i o n a l h erb a r i a . 0 .  H. S t ev e n s h a s  e x t e n s ive l y 
s tu d i e d  t h e  f l o r a  o f  Nor t h  Dako t a , an d h i s  s p e c imen s are i n  
t h e  h e r b ar i um of t he Nor t h  Dako t a  S t a t e Un i v e r s i t y . 
Theo dor e Van Br ugge n o f  t he Un i ve r s i t y  o f  So u t h  Dako t a  an d 
C .  A .  Tay lo r  o f  Sou t h  Dako t a  S t a t e  Un i ver s i t y  h av e c on t r i b ­
u t ed t u  t he l1e rb a r i a  o f  t he s e  s d10o l ::s . 
A n  h e r ba r i wn co l l e c t i o n  dev o t e d  c h i e f l y  t o  t h e n a t � ve 
l e g um e s  o f  Sout h Da ko t a i s  m a i n t a i n e d  b y  t h e a u t h o r s  i n  t he 
So i l  M i c rob i o l o g y Labor a t o r y  of t he M i c rob i o l og y  Dep a r tm e n t  
o f  t h e  S o u t h D a k o t a  S t a t e  Un ive r s i t y , Br o ok i n g s , S ou t h  
Dako t a  5 7 0 0 6 . Th i s  co l l e c t i on i s  prep ar a t o r y  t o  a n  a t t emp t 
t o  r e l a t e  e c on om i c imp o r t a n c e  t o  n a t ur a l l y - o c c u r r i n g
. 
le gume s a n d  o t h er n i t roge n - f i x i n g p l an t s  i n  S o u t h  D a ko t a . 
Var i a t i o n s i n  so i l  t yp e , p r e c i p i t a t i o n , l a t i t u d e , 
e le v a t i o n , a n d  l a n d us e  p r a c t i c e  i n  Sou t h  Dako t a  p r o v i de a 
wi d e  r an g e  o f  hab i t a t s f o r  p l an t  g r ow t h . A d i ver s e  gr oup 
of n a t i v e l eg um e s  ex i s t s  h e r e . Man y  of t he s e a r e  i n d i ge ­
nous t o  t h e who l e  s t a t e  b u t  are f o und mo s t  f r e q ue n t l y  we s t  
o f  t he M i s so ur i River whe r e  t h e n a t i v e  p r a i r i e  i s  l e a s t  
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d i s t ur b e d  b y  a g r i c u l t ur a l  p r a c t i c e s . Th e r e f o r e , mo s t  o f  
o ur a c c e s s i o n s  a r e  from w e s t e r n  S o u t h  Dako t a  wh e r e  c o l l e c t ­
i ng h a s  b e en mo s t  prof i t ab l e . Th e r e  a r e  n o t ab l e  e x c e p ­
t i o n s , s u c h  as t he s l op e s  o f  t h e  " Co t e au d e  Pr a i r i e " i n  
n or t h ea s t e'r n  S o u t h Dako t a , r a i l r o a d  r i g h t s - o f -w ay , M i s s our i 
R i v e r  l ow l a n d s , a n d  sm a l l u n d i s t u r b e d  p r a i r i e  a r e a s  wh i c h  
h a v e  c o n f i rm e d  t h e  o c cu r r e n c e  o f  c er t a i n sp e c i e s  t h r o ug h o u t  
t h e  s t a t e . E x amp l e s o f  t he s e a r e : As t r a g a l u� s pp . , 
P s o r a l e a  s p p . , Ox y t ro p i s  spp . a n d  Pe t a l o s t em o n s pp . 
The h e r b a r i um con t a i n s  s p e c ime n s  f r om 3 f am i l i e s , 18 
ge n e r a , a n d  38 s p e c i e s  o f  l e gum e s  an d 2 f am i l i e s , 3 g e n e r a , 
and 3 sp e c i e s o f  non- l e gumes n at ive t o  S ou t h  D a ko t a  a s  
n o t e d i n  t h e  f o l l ow i n g  t ab l e .  Numerous o t h e r s e x i s t  a n d  
w i l l  b e  a d d e d  a s  t im e  a n d  f i n an c i n g p e rm i t .  
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S D S U  
J'fa t i v e  Le gum e s  
F:-u11i l i e s  - Ge n e r a  - S p e c i e s  - A u t ho r i t y  
Ca es a l p t  D J a'c e a e  
Cas s i a  
D e s mo d i um 
G l y c y r h j za 
He d y s a r u m 
La:i:hy r u s  
Lo t u s  
Lup in u s  
Ox y t r op i s  
Pe t a 1 os t emo ri 
P s o r a l e a 
S t r o p ho s t y l e s 
Th erinopsls--
V i c i a 
f a s c i c u l a t a  Mi c h x . 
c a n e s c e n s  Pu r s h . 
b r a c t e a.t a. ( L . ) F'er n .  
arner fr aii-a Me d i c . 
·3�Lor ffri._ n-Llin R i c h . 
ag:-1.:E.�3-:cr.s-Boug 1 . 
a lp i 11 l� s- L . 
bTs u 1 c a t us ( Ho ok . ) Gra y 
·c-anactE:Ds"TS L .  
c r a s s i c a r p u s  Nu t t . 
f l e xuo s u s  Do.ug l .  
g i 1 7 :-i_ f J. 0 T �-!. �� S h  C? l c! . 
gr a c 1. l u s. N"u t t . 
m j_ s s o u r i. e n s i s  Nu t t . --- ---- ---
s h o r t i a n u s  Nu t t . 
s p a t u l a t u s  S h e l d . 
s t r i a t u s  ·Nu tt . 
c a n a d c n s e  L .  
l ep i d o t a  · ( Nu t t . )  P u r s h . 
a l p i n u m L .  
o c h r o l e u c u s  Ho o k . 
p ur s h i a n u s  ( Be n t h . )  C l em . a n d  C l em . 
a r ge n t e u s  Pu r s h . 
s e r i c e us Pur s h . 
c amp e s t r i s  ( L . ) D . C .  
l amb e r t i i  P u r s h . 
s e r i c e a  Nu t t . 
c a n d i d um ( W i l l d . )  M i c hx . 
o c c i d e n t a l e ( He l l e r )  Fe r n a l d  
pur p ur eum ( Ve n t . )  Ry d b . 
�rgop h y l l a  P u r s h . 
c u s p i d a t a Pur sh . 
e s c u l e n t a  Pur s h . 
t e n u i f l o r a  Pur s h . 
he l vo l a  ( L . ) E l l .  
r h omb i f o l i a  Nu t t . 
am e r i. c a n a  Muh l . 
4 0  
M i mo s a c e a e 
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Germ i n a t i on Tes t s  
S e e d s  o f  As tragalus m i s so ur i e ns i s  a n d  Ast r ag a l u s  
s t r i a t us w er e  se l ected for germinat i o n  t e s t s  a s  d e t a i l e d  i n  
t h e  me t hod s  s e c t io n . Resu l t s  vari ed mark ed l y  w i t h  t he s e e d  
s t o c k  t e s t ed . Some seeds had app ar e n t l y b e e n  c o l l ec t e d  too 
soon a n d  wer e  no t t horoug h l y  mat ured . Ot h e r s were s tored 
i n  35 nm1 f i lm c an i s t ers b�fore � hey were comp l e t e ly dr i e d . 
S t i l l  o t he r s  became i n f e s t e d  wi t h  i n s e c t s  wh i c h  d e c ima t e d  
t hem . Th rough exp e r i ence good s eed cou l d  b e  v i sua l l y 
s e l e c t e d . No t e t razo l ium c h l or ide v i ab i l i t y  t e s t s  wer e  
condu c t ed . 
Germ i n a t i o n  te s t s  conduc t ed wi t h  s e e d  o f  un i f orm s i ze 
se l ec t ed f or dry , dark , g l o s s y  seed coat s p r op e r l y  s c ar i ­
f ied g av e  g o o d  germ i n at ion r e su l t s . A .  s t r i a t u s  con s i s ­
t e n t l y  y i e l d e d  about 90% germ inat ion wh i l e A .  m i s sour i en s i s  
f e l l s l ig h t l y  b e h i ri d  wi t h  germi nat i o n  o f  _ 8 3% o f  s e e d  t e s t e d . 
One o f  t h e  l arger seeded nat ive l egume s , Lup inus 
argen t eus, was a l so t e s ted for germ i n at i o n . Resu l t s  o f  l e s s  
than
· 
4 0% we r e  d i s appo i n t i ng .  
S e e ds o f  1 5  add i t ion a l  nat ive l egumes h av e  b e e n  c o l -
l e c t e d  a n d  w i l l  b e  te s ted a s  t ime perm i t s . 
1 9 7 2  Co t t onwood 
Tab l e s  1 an d 2 are repres entat i v e  of d a t a  c o l l e c t ed at 
Co t tonwo od in 1 9 72 . Fig . 9 s hows t he re l at i o n s h ip o f  s o i l 
Time - 0-
1 / 2  h r . 
2 h r s . 
5 hr s . 
24 h r s . 







s t r i a t u s  p l a n t  n umb e r  
4 5 6 7 8 9 1 0  
+ + 
+ + 
+ + + + 
Tab l e  # 1  A s t r a g a l u s s t r i a t us A c e t y l e n e  Re duc t i o n  
+ i n d i c a t e s  r e d u c t i on o f  a c e t y l e n e  t o  e t h y l e n e  
i n d i c a t e s  n o  r e d u c t i on o f  a c e t y l e n e  
Dat a a r e  d e r i v ed f r om g a s  c h r om a t o g r ap h s amp l e s r u n  
o n  Jun e 2 2 , 1 9 7 2 . A l l  p l a n t s  we r e  n o d u l a t e d  w i t h  
p i n k n o d u l e s . 
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A s t r aga l u s m j_ s s o ur i e n s i s  p l an t n um b e r 
1 2 3 4 5 6 7 8 9 1 0  
T i m e  - 0·-
1 / 2  hr . + + 
2 h r s . + + 
5 h r s . + + . + + + + - + 
24 hr s . + + + + + + + + 
: 
Tab l e  # 2  As tr aga l u s  m i s s o u r i e n s i s  Ac e t y l e n e  R e d u c t i o n  
+ i n d i c a t e s  r e d u c t i o n  o f  a c e t y l e n e  t o  e t h y l e n e  
i n d i c a t e s  n o  r e d u c t i o n  o f  ac e t y l e n e  
Da t a  ar e d e r i ve d  f r om g a s  c h roma t o g r ap h  s amp l es r u n  
o n  Ju n e  2 1 , 1 9 7 2 . A l l p l a n t s  wer e  n o d u l a t e d  w i t h  
p i n k n o d u l e s . 
t l  
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Fig . 9 .  S ho w i n g  r e l a t i o n s h i p  o f  so i l  t emp e r a t u r e  t o  
p e r c e n t  s o i l  wa t e r  a t  Co t t o n wo o d  f o r  t h e 1 9 7 2  g r ow i n g 
s e a s o n . P o i n t s  o n  t h e g r ap h s  i n d i c a t e k n own d a t a . Th e 
l i n e s . h a v e b e e n  a d d e d  i n  a n  a t t emp t t o  i n t e r p o l a t e  b e ­
twe e n  p o i n t s  an d e s t a b l i s h  t h e  t r e n d s  t h r o ug h o u t  t h e  
s e a s o n . 
4. 6  
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mo i s t ur e  t o  s o i l t emp e r a t ur e . 
Tab l e s  1 a n d  2 i n d i c a t e  t hat bo t h  A .  s t r i a t u s  a n d  
A .  m i ssour i e ns i s  whe n  nodu l at ed wit h p i nk nodul e s  a r e  
capab l e  o f  r educ i n g  c2H2 � c2H4 a n d  may t h e r e f o r e  be p re ­
sumed cap ab l e  o f  f ix i ng n i t rogen . 
Exam i n a t i o n  o f  the t ab l e s  wi l l  r e v e a l  th e e r ra t i c  r e ­
su l t s  o b t a i n e d  by s to r i ng gas s amp l e s  i n  sma l l  t e s t t ube s 
for 2 o r  mor e  we eks before i n j ect i ng s amp l e s  i n t o  t he gas 
chromat o g r ap h  fo r a n a l y s i s . I n  Tab l e  2 i t  w i l l  b e  no t ed 
tha t  a g a s  s amp l e  r emoved f r om the s a r a n  bag con t a i n i n g  an 
i n tac t A ·  m i s s our i e ns i s  p l a n t  ( p lan t no . 2 )  i n d i c a t e d  t he 
prese n c e  o f  e t hy l ene af t er 3 0  minutes  a h d  2 hours . I n  t he 
5 hour s amp l e  no C2H4 cou ld be de t e c t e d  and p o s i t i v e  r e su l t s  
we r e  a g� i n  ob served i n  t he 24 hour s amp l e . 
No adequa t e  exp l anat i on c an be o f f er e d  f o r  t he s e  d a t a . 
Pos s l b l y  s ome o f  t he s torage t ubes wer e  not s ea l e d  p roper l y  
wi t h  t he i r  r ubb e r  s t oppers . Perhaps t he s t o r e d  s amp l e s  were 
of unequ a l  vo l ume due t o  expans ion a n d  c on t r a c t i o n  of  t he 
gas e s  a s  a r e su l t  o f  ext reme f l uctuat ions  i n  ambi e n t  t empe r ­
at ur e  t hroug hout t he s amp l e  day . 
The s o i l  wat e r  and a i r  tempe rat ure d a t a  were a v a i l ab l e 
and a r e  i nc l ude d on l y  to show t he - con d i t i o n s  o n  t h e  r ange 
at t he t im e  t he s e  f ixat ion dat a  were ob t a i n e d . 
The s a ran bag t echnique i s  a us e fu l  too l i n  n i t r ogen 
f ixat i on e xp e r ime n t s . The t echn i que i s  t ime consum i n g . One 
4 8  
mu s t  b e  c e r t a i n t h a t t he r e  a r e  n o  gas l e a ks a r o u n d  t he 
p l an t  s t em wh e r e  i t  emer g e s  f rom the mo d e l i ng c l a y . I t  i s  
e a s y  t o  ri p t h e  bag w h i l e  p lac i ng a pl an t i n s i d e  o f  i t  f o r  
i n cu b a t i o n  o f  t he roo t s  and n o d u l e s  i n  a n  a c e t y l e n e a tmo­
sp h er e . 
Th e te c hn i q u e wou l d  have b e e n  mor e  us e f u l as a f i e l d  
p r o c e du r e  i f  a g as c hr oma t og r ap h  had be e n  av a i lab l e t o  
an a l y ze s amp l e s  imm e d i a t e l y . 
No d u l e s  f rom s e vera l o t h er n at ive l egume s we r e  a n a ­
l y ze d  f o r  n i t r o g e n  f i x a t i o n  p o t e n t i a l  a t  Co t t o n wo o d . 
Pe t a l os t emo n p ur p u r e um an d V i c i a  amer i c a n a o f  t he f am i l y  
Fab a c c � �  a n d  S h r ac k i a  nut t a l l i i  ( s e n s i t ive p l an t ) o f  t he 
f am i l y  M imo s a c e a e a l l demo n s t r a t e d  ac e t y le n e r e duc t i o n . 
Nume r o u s p l a nt sp ec imens we r e  adde d t o  t he h e r b a r i um.  
Of th e p l an t s  l i st e d  as n a t ive l e gumes in  t he h e r b a r i um 
on l y  As t r a g a l u s  s p a t u l a t u s  cou l d n o t  b e  f o u n d  i n  a n o du­
lat e d  c o n d i t i o n . 
19 7 3  G i l l e t t e  Pr a i r i e - B l ack Hi l l s  
Tb e t wo a r e as o n  G i l l e t t e  P r a i r i e  s e l e c t e d  f o r  i n t e ns e 
s t u d y , t ho ug h  l e s s  t ha n  50 0 me t ers apar t , a r e  d is s im i l ar .  
Th e st u d y  a r e a  s e e n  i n  F ig . 7 se l e c t e d  f or i t ' s  abu n d a n ce 
o f  A .  s t r i a t u s  is app r ox ima t e l y  45 me t er s  h i g h e r t h a n  t he 
area c on t a i n i n g  t he c u l t ivat e d � - c i c e r . The s o i l  i n t he 
A .  s t r i a t u s  p l o t  i s  s ha l l ow , rocky and t h e e n t i r e ar e a  o f  
s l i g h t l y mor e t ha n  1 h e c t a r e  i s  expose d t o  t h e  w i n d . I t  
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h a s  n e v e r  b e e n  cu l t iva t e d . The s o i l i n  whi ch A .  c i ce r  i s  
cu l t i v a t e d  i s  a t  t h e  lower e n d  of  a hay meadow whe r e  t h e  
ri c h  l o am h a s  a ccumu l at ed t o  a dep th o f  over 4 5  c e n t i ­
me t e r s . Th i s  1 / 4 hectare ar e a  through i t s  p ro t e c t ed l o c a ­
t io n  a n d  t he n at ur e  of i t s so i l  t e n ds t o  re t a i n  a mo.r e 
cons t an t  h um l d i t y  a l t houg h t emp erature i nvers i o n s som e t imes 
cau s e  it to  be co l de r  at n i ght . Heav i e r  frost was o b s e rved 
here than on the A .  s t r i a t us and it pe r s i s t e d  l a t er in t he 
day a s  t h e  s un ' s  r ay s  wer e later reach i n g  t h e  m e adow 
bot t om . 
F i g s . 1 0 - 1 3  g i ve an. i dea o f  t he re l at i on s h i p s  t ha t  
ex i s t e d  th1 o ugh Jun e , Ju l y  a n d  A ug us t o f  1 9 7 3  be t w e e n  bo i l  
t emp e r a t ur e , amb i e n t  a i r  t emp er a t ure and so i l  w a t e r , wh i l e 
tab l e  3 shows t o t a l  recorded p r e c ip i t at i o n  f o r  t h e  g r ow i n g  
seaso n . Da t a  ar e known for t he per iod June 6 t hr o ugh June 
2 5  and f rom t h e n  on on ly for t he dat es i n d i c a t e d  o n  t h e  
gr ap h s . The dot s  have been co nnec ted i n  an a t t emp t t o  
e s t ab l i s h  t he t rends wh i c h  exi s t ed , but t he l i n e s  mus t  not 
be i n t e rp r e t ed to g ive r e l i abl e data for p a r t i cu l ar d a t e s . 
By s t udy i ng t h e s e  f i gur es one may get a n  i d e a  o f  t he 
c l ima t i c d i f f e r e nc e s  b e tween t he two adj ace n t  a r e a s . 
About 1 5 0 me t er s  nor t h  of the � ·  s�r i at us s t ud y  area 
is a n  e co t o n e  o f  aspen sep arat i ng the  pr a i r i e  f rom a s eco nd 
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s t i l l  l a y  i n  t he draws , A �  s t r i � t u s  was n o du l a t e d an d . 
g i v i ng p o s i t i ve ac e t y l e n e  r educ t i on a s s a y s  f r om t h e  s he l t er 
p r ov i de d  b y  t he p i n e f o r e s t . I m e d i a t e l y  t o  t he s o u t h  n o  
p i n k n o d u l e s cou l d  b e  f ound i n  t h e  s t ud y  a r e a . Howev er , 
s in ce A .  s t r i a t us i s  a p e r e n ni a l , o l d d e s s i c a t e d  n o du l e s  
f r om p r i o r y e a r s  cou l d  be found . Th e s o i l i n  op e n  a r e a s  o f  
t h e  f o r e s t  whe r e  t h e s e  p l an t s  were f o u n d  g r ow i n g  a l o n g  wi t h  
A .  �. lp i n u s_ was warmer b y  s e v e r a l  d e g r e e s  t ha n  o n  t he o p e n  
p r a i r i e . On e m i g h t  s uppo s e  t ha t  t h e  p r e s e n c e  o f  much l i t ­
t er o n  t h e  g r o u n d  pr o v i ded a more f avo r ab l e  C - N r at i o . 
The s e  f a c t o r s  may ac c ou n t  for e ar l i er n o d u l a t i on . The g a s  
chroma t o g r ap h wa s ag a i n  u s e d  for t he s e  as s ay s . 
No t e  i n  F i g . 1 4  t he d i f f er e nce i n  a t t e n ua t i o n  
( s e n s i t i v i t y s e t t i n g ) n e c e s s ary t o  r e co r d  t he r e du c t i o n o f  
C2 H2 ----} c2 H4 . Th e mo s t  sen s i t i ve s e t t i n g  i s  n e c e s s ar y  t o  
r e c o r d  e t h y l e n e w h i l e  a se t t i ng 320 t im e s  l e s s  s e n s i t i ve i s  
n e c e s s ar y t o  keep t he p en o n  t he c h a r t  whe n t h e c2H2 c ome s 
t hro ugh t h e c o l umn . No n o du l e  we i g h t  was r e c o r d e d  f o r  t h i s  
a s s a y s i n c e  t h e n o du l e s  had very l i t t l e p i n k c o l o r  a n d  muc h  
d i gg i n g  wa s n e c e s s ar y t o  p r o duce eno ugh n o du l e s  f or s ev e ra l  
t es t s o f  e a c h  s p e c i e s . A .  s t r i a t us and A . · a l p i n u s  we re 
use d e a r l y  i n  t he s e ason s i n c e  t h e " c i ce r  v e t c h " i n  t h e  
me adow s i t ua t i on was n o t  f a r  enough advan c e d  t o  b e  e a s i l y  
r ecog n i ie d  a n d  was n o t  s uf f i c i ent l y  nodu l a t ed t o  p erm i t  
c o l l e c t i n g  n o du l e s f or a s s a y s . 
I 
I 






F i g . 1 4  G a s  c h r om a t o g r a p h  c h a r t  s h
ow i n g t h e  r e s u l t s  o f  
an a s s a y r u n  o n  A s t r a g a l u s  a l p i n us 
a n d  A s t r a g a l u s 
s t r i a t u s n o d u l e s  co l l e c t e d  f r om p l an t s  d u g
 i n p i n e 
f o r e s t . Th i s  s e c t i o n  o f  c h ar t  i s  f r om g a s  s am
p l e s 
t ak e n  a f t e r  n o d u l e s  h a d  b e e n  e x
p o s e d  t o  a c e t y l e n e f o r  
4 h o u r s . No t e  t h e  ab s e n c e  o f a n  e t h y
l e n e  ( C 2 H 4 ) p e a k  
a f t e r i n j e c t i o n  o f  A ·  a lp i n u s  
s amp l e  a n d  t h e  C 2 H4 
p e a k i n d i c a t i n g a p o s i t i v e a s s
a y  f o r  A .  s t r i a t u s . 
No t e , t o o , t h e d i f f e r e n c e i n  
a t t e n u a t i o n  o f  t h e m a c h i n e : 
l X l  v e r s u s  1 0 X 3 2 . 
5 5  
A s  t h e  1 9 7 3  grow i n g  season adv a n c e d , ace t y l e n e  r e duc­
t i on a s s ay s  we r e  r u n  t o  d e t erm i ne t h e t im e  c o ur s e  o f  the 
r e d u c t i o n r e a c t i o n . Al l t he assays wer e run in t he f o l l ow­
i ng man n e r . Wh e n  nodu l e s  we re p l e n t i fu l  e n o u g h  t o  p e rm i t 
co l l e c t i n g  a su f f i c i e n t  quan t i ty 1 a s e r i e s  o f  1 0  s e r um 
b o t t l e s  f o r  e a c h  spec i e s  t o  b e  t e s t ed h a d  n o du l e s  a d d e d  t o  
t hem . Th e y  w e r e  t hen s e a l e d . Seve r a l  drops o f  d e i on i ze d  
wa t e r  w e re a d d e d  w i t h  a s yr i nge t o  p r e v e n t  de s s i c a t i o n . An 
ac e t y l e n e  a t mo sp h ere o f  7 . 5  cub i c  c e n t im e t e r s  was added t o . 
e ac h  bo t t l e . I n  add i t i on t o  t h e  1 0  b o t t l e s  i n  e a c h  s e r i e s  
two ad d i t i o n a l  b o t t l e s  we re i n c l uded f o r  e a c h  .spe c i e s be i n g 
t e s t e d . On e bo t t l e con t a i n e d  app r o x i mat e l y  J g r am o f  
s i f t e d  s o i l  f rom wh i c h  t h e  p l an ts h ad b e e n r e mo v e d  a n d t h e 
s e con d b o t t l e  con t a i ned abo u t  1 gram o f  r o ot s o f  t he 
sp e c i e s  b e i n g  t e s t e d  f r om wh i ch t he n o du l e s  h a d  be e n  
r emo v e d . No e t hy l ene evo l ut i o n  w a s  e v e r  d e t e c t e d  f rom t h e  
ac e t y l e n e  i n  t he so i l  or r o o t  c o n t a i ne r s . A s amp l e  o f  
ac e t y l e n e  w a s  a l ways t aken f r om e a c h  serum bo t t l e imme d i a t ­
e l y  a f t e r i t  h a d  been added t o  assur e t ha t  t h e  ac e t y l e n e  
was n o t  c o n t am i n a t e d  w i t h  et hy l ene . 
T i me i n t e r v a l s  be tween w i t hdrawa l o f  t he 5 0  m i c r o l i t er 
s amp l e s  we r e  v ar i e d  to  det e rm i ne the be s t  t ime f or s am­
p l i n g . S amp l e s  were t aken f rom t he s e rum b o t t l e s  a n d  i n ­
j e c t e d  d i r e c t l y  i n to t he g a s  chromatograp h .  F i g . 1 5  w i l l  
show t h a t  1 / 2 ,  2 ,  5 ,  an d 2 4  h our samp l es w e r e  d e c i de d  upo n . 
2 . 0 0 
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Time i n  Hou r s  
F i g . 1 5  P l o t  o f  e t h y l e n e  p e ak i n  m i l l i me t e r s  p e r  1 0  
m i l l i g r am s  o f  n o d u l e  we i g h t  aga i n s t  t ime i n  h o ur s 
f r om a d d i t i o n  o f  a c e t y l e n e  t o  e x c i s e d  n o d u l e s  i n  
se r um b o t t l e s . 
- A s t r a g a l u s  c i c e r  
� As t r a g a l u s s t r i a t u s  
56 
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Mo s t  o f  t he e t h y l e n e  was evo l ve d  a t  t he e n d  . o f 5 h o ur s w i t h 
ver y l i t t l e more b e i ng p r o du c ed betwe e n  5 a n d  2 4  hou r s . 
The s e  r e su l t s  cou l d  be r e co n c i l e d  w i t h s ev e r a l  i d e a s . 
S i n ce t h e n o d u l e s  were exc i s e d  f r om t h e p l an t  t h e  s y s t em 
may hav e r u n  o u t  o f  a r e a dy e n erg y s o u r c e  a n d  n o  n ew p ho t o ­
s y n t hat e c o u l d  b e  t r a n s l oc a t ed t o  t he r o o t s . S i n c e  t he 
a ce t y l e n e  i s  a compe t i t i v e  i nh i b i t o r  o f  n i t r o g e n  f o r  t h e 
n i t r og e n a s e  s y s t em ,  t he s ys t em m a y  be e f f e c t i v e l y  
"po i so n e d "  b y  t h e  e n d . o f  5 hour s . A s e rum bo t t l e  an d 
e xc i s e d  n o d u l e s  are no t t he " n o rma l h ab i t a t " f o r  t he s y s t em 
and a n y  n umb e r  o f  envi r o nm e n t a l  f a c t o r s  c o u l d  i n f l ue n c e  i t s  
n i t T og � n  f i xat i o n  po t e nt i a l . Probab l y  a l l o f  t h e s e  t h i n g s  
s h a r e  i n  p ro d uc i ng t he r e s u l t s  ob t a i n e d . 
I t  i s  i n t e re s t i n g  to o b s e rve t he r e s u l t s  f r om 1 9 7 3  
s howi ng t h a t  m o s t of t h e r e du c t i on h a d  o cc u r r e d  i n  5 h o u r s  
whe n c omp ar e d  t o  t he 1 9 72 r e s u l t s  wh i c h s how max i mum r e du c ­
t i o n  h a d  o c c u r r e d  a f t e r  24 hou r s  ( Tab l e s  1 & 2 ) .  Th i s  i s  
mo s t  r e a d i l y e xp l a i n e d  b y  r emember i n g  t ha t  i n  1 9 7 3  w e  wer e  
work i n g w i t h  e x c i s e d n o du l e s  a n d  i n  1 9 7 2  i n t a c t  p l an t s  wi t h  
roo t s y s t ems e n c a s e d  i n  s o i l were u s e d . G a s  e x c h a n g e  cou l d  
mo r e  r e ad i l y  o c cur b e twe e n  exc i s ed n odu l e s  a n d  t he a t mo s -
p h e r e . 
From t he m i dd l e  o f  Jun e t o  t he e n d  o f  Ju l y  t he p l a n t s  
i n  bo t h  p r i n c i p a l  s t u d y  areas we r e  we l l  n o du l a t e d  w i t h  p i nk 
n o du l e s . The " c i c e r v e t c h "  r o o t s  had mu c h  l a rg e r  n o du l es 
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a n d  we r e  mo r e  e a s i l y  e x c av a t e d s i n c e  t h e  s o i l  wa s m o r e  
f r i ab l e  a n d c o n t a i n e d  f ew s t o n e s . Th e r o o t s y s t em s  o f  t h e 
n a t i v e  l eg um e  A s �r a g a l u s s t r i a t u s we r e  muc h mo r e  e x t e n s i v e  
a n d  h ad m a s s i v e  t ap r o o t s . La t e r a l  r oo t s  e x t e n d e d  t o  a 
l e n g t h  o f  } / 2  me t e r  o r  m o r e . 
A s t r ag a l u s  c i c e r  t e n d s  t o  be a n  e r e c t  p l a n t  g r ow i n g t o  
a h e i g h t o f  1 / 2  m e t e r  i n  t h e s t u d y  a r e a . Th e p l a n t w a s  i n  
i n t e n s e comp e t i t i o n  w i t h  � h  i n f e s t a t i o n  o f  q u a c k g r a s s  
( A g r op y r o� r e p e n s  ( L . ) Beauv ) a n d  m ay n o t  n o rm a l l y  g r ow 
t h i s t a l l .  A s t r ag a l u s  s t r i a t u s p o s s e s s e s  a d e c umb e n t  
g r ow t h ha b i t w i t h  t h e f l ow e r  h e a d s  g r o w i n g  e r e c t  t o  a max i ­
mum h e i g h t  o f  3 6  c en t ime t e r s . Th i s  r e s e a r c h e r  f e e l s  c o n ­
f i d e n t  t h a t  t h e n a t i v e l eg um e  w a s  g r ow i n g  i n  a h ab i t at 
c omp l e t e l y  u n s u i  t .
ab l e  f o r  t h e i n t r o du c e d  " c i c e r  v e t c h " . 
F i g . 1 6  i l l u s t r a t e s  t h e r e s u l t s  o f  f our c om p a r a t i v e . 
ac e t y l e n e  r e d u c t i o n  a s s ay s  o n  ! ·  c i c e r  a n d  A .  s t r i a t u s  
c ov e r i n g  t h e p e r i o d  Ju n e  2 7  t o  Ju l y  25 , 1 9 7 3 . Dur i n g  t h i s  
t im e  k i l l i n g  f ro s t s  o c curr e d  o n  Ju l y  4 a n d  5 a n d  s n ow f e l l 
o n  G i l l e t t e  Pr a i r i e . Bo t h  sp e c i e s w e r e  f r o z e n  b a c k  a n d  
f l ow e r i n g d i d  n o t  t a k e  p l a c e  u n t i l  Ju l y  2 5 f o r  A .  s t r i a t u s  
an d Aug u s t  3 f o r  A .  c i c e r . 
Th e r e s u l t s  i l l u s t r a t e d  i n  F� g .  16 are a v e r ag e  p e ak 
he i g h t s  i n  m i l l ime t e r s  f o r  t h e t e s t  r u n  o f  10 s am p l e s  
co r r e c t ed f o r 10 m i l l i g r am s  o f  n o d u l e  we i g h t . Th i s  c ar -
r e c t i o n  w a s  n e c e s s a r y  b e c au s e  t he A .  c i c e r n o du l e s w e r e 
5 9 . . 
June 2 7  
1 97 3  
Jul y  9 
1 97 3  
Ju l y  1 9  
1 9 7 3  
J u l y  2 5  
1 9 7 3  
F i g . 1 6  Et hy l en e  peak h e i ght i n  mi l l 1met er s  p e r  1 0  
m i l l i gr ams o f  nodu le we·i ght af t er 2 4  hours o f  .. : 
e xp o s ur e  : t o  an a c e t y l ene atmosphere i n  t he s e r i e s  
o f  1 0  r ep l i c at e  samp l e s . 
A s t r ag a lus c i cer 
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l arger a n d  m o r e  r e ad i l y co l l e c t e d . The s e  n odu l e s  t e n d e d  t o  
g i v e  a g r e a t e r  we i g h t  i n  t he b o t t l e s i n  wh i c h t he y  we r e  
a s sa y e d . Ten s amp l e s  o f  e a c h  sp e c i e s  w e r e  av e ra g e d  a n d  
c on t r o l s  o f  so i l  an d root s we re aga i n  u s e d . 
I t  i s · r e c og n i zed t ha t  no rma l l y  p e ak h e i g h t  i s  n o t  t he 
p ar ame t er u s ed to meas ure gas vo l umes o n  a g a s  c hr oma t o­
g r a p h . Re f e r e n ce to F i g . 1 4  w i l l  s how t h e imp r a c t i ca l i t y  
o f  t r y i n g  t o  quan t i f y a c2H4 p e ak s u c h  a s  t he o n e  p r i n t e d  
o n  t h i s  s e c t i o n  o f  a char t . The GLC may no t b e  l i n e a r  i n  
r e su l t s  p r i n t e d o n  t h e  ch a r t  whe n e x t r em e  s e n s i t i v i t y  i s  
u s e d . As s t at e d  e l sewhe r e  quan t i f i c at i o n  o f  n i t r o g e n  
f i x a t i o n  p o t e n t i a l  w a s  n o t  a ri  obj e c t ive o f  t h i s  i nv e s t i g a ­
t io n . 
Ke ep i ng t h e s e  i d e a s  i n  m i n d  r e f e r e nc e t o  F i g . 1 6  
re ve a l s  some i n t e r e s t i n g da t a . June 2 7  w as t he o n l y  s amp l e  
d a t e  whe n A .  c i c er gave g r e a t e r a ce t y l e n e  r e du c t i o n  t h an A .  
s t r i a t u s , t h e n a t ive l eg ume . On Ju l y  9 o n e o f  t h e t e n A . 
s t r i a tu s  s amp l e  b o t t l e s  gave no e v i de n c e  o f  e t hy l e n e · 
evo l u t i o n  a t  a n y  o f  t he 4 s amp l e  t ime s ( 1 / 2 , 2 , 5 ,  o r  2 4 
ho ur s ) . Ye t , a f t e r  f r o s t s o n  Ju l y  4 a n d  5 ,  4 d a y s  p r i or t o  
t h e  s amp l e  d a t e , 1 0  s amp l e s  o f  A .  s t r i a t u s , o n e  o f  wh i c h  
gave n o  r e s u l t s , g ave ne ar l y  tw i ce t he a v e r a g e  p e ak h e i ght 
as 10 s amp l e s  of A .  c i c e r , a l l g i v i n g p o s i t i v e  r e s u l t s .  To 
t h i s  r e s e a r c h e r  t h i s p o i n t s  up t he f a c t  t h at t h i s  n a t i v e  
l e g um e i s  b e t t e r adap t e d t o  t he s e v e r e  we a t h e r  c o n d i t i on s 
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exp e r i e n c e d  i n  S ou t h  Dako t a  t h an t h e  i n t r o d u c e d  s p e c i e s . 
As a n t h e s i s  app r o a c h e d , t h e e t h y l e n e  e v o l u t i o n  r e ­
ma i n e d  f a i r l y  c o n s t an t a s  i n d i c a t e d  b y  t h e d a t a  f r om Ju l y  
1 9  a n d  2 5 . W i t h i n  a we e k  o f  a n t h e s i s , s e e d s  h a d  b e e n  s e t  
an d t h e n oa u l e s w e r e  v i s i b l y  l e s s  p i n k  a n d  we r e  b e c om i n g 
s e n e s c e n t . Th j_ s a g r e e s  w i t h  t he da t a  o b t a i n e d  b y  H a r d y , 
e t  a l . ( 2 1 ) . A n t h r op omo r p h i c a l l y  o n e  c o u l d  s a y t h a t t h e 
p l a n t s  r e c o g n i z e d  a l e s s e n � d  n e e d f o r  n i t r o g e n  a n d  t h e r e­
f or e  c u t  down t h e  p r o du c t i o n . Th e r e  i s , d o ub t l e s s , a r e ­
l a t i on s h i p  h e r e  t h a t  gov e r n s  t h e n i t r o g e n  f i x a t i o n c a r r i e d  
o n  b y  t h e p l a n t  a n d  i t s  s ymb i o n t  a t  t he t im e  o f  f l ow e r i n g  
a n d  s e e d  s e t t i n g when g r e a t e r amo un t s  o f  f i x e d  n i t r o g e n  a r e  
r e q u i r e d . 
Fr om t h e d a t a  o b t a i n e d  i n  1 9 7 3  p r o b a b l y  n o  t r u l y  
s i g n i f i c a n t  d i f f e r e n c e  i n  n i t r og e n  f i x a t i on p o t e n t i a l 
e x i s t s  b e t we e n  t h e s e  two p l a n t s  a s  t he y  e x i s t e d i n  t h e 
s t u dy a r e a . E a c h d i d  an a d e qu a t e  j ob o f  n i t r og e n  f i x a t i o n 
i n  t he h ab i t a t w h e r e  t h e y  w e r e  f ou n d . I t  wou l d  b e  i n t e r ­
e s t i n g  t o  a t t em p t t o  e s t ab l i s h A .  c i c e r  i n  t h e  a r e a  w h e r e  
t h e  n a t i v e  A .  s t r i a t u s  w a s  n a t u r a l l y g r ow i n g . Th i s  
r e s e ar c h e r  p r e d i c t s  t h a t  i f  i t  c o u l d  · b e  e s t ab l i s h e d  i t  
wou l d  n o t  f l o u r i s h i n  t h e mor e  x er i c , r o c k y  s o i l . Th e 
c omp a r a t i v e s t ud i e s  wo u l d  g i v e d i f f e r e n t r e su l t s  c l e a r l y  
i n d i c a t �n g a n i c h e  b e t t e r f i l l e d  b y  a n a t i ve l e gu m e . 
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Rh i zob i um Cu l t ur e  
Man y h u n dr e d s o f  c u l t u r e s h av e  bee n s c r e e n e d  a s · 
p o s s i b l e  Rh i zo b i um spp . f rom t h e  i n cept i o n  o f  t h i s  i nv es t i -
g a t i o n  t o  t h e p r e s e n t . Man y  h u n dreds o f  c u l t u r e s  h a v e  b e e n  
d i s ca r d e d  a f t e r  b e i ng i de n t i f i e d  as m i c ro o r g a n i sms o t he r  
t ha n  r h i zob i a . Th e o n l y  pos i t i v e  i de n t i f i c a t i o n  o f  a 
Rh i zob ium s p . as s t a t e d b e f o r e , is t h e  ab i l i t y  to e f -
.. 
f e c t i v e l y n o d u l at e  a l e g ume p l an t . Th i s  t es t i n g  dema n d s  
l e gume s g r ow n  i n  s t e r i l e so i l wh e r e  t h e y  c an n o t
.
b e  
i noc u l a t ed b y  "wi l d " r h i zob i a an d care f u l  i no c u l a t i o n  o f  
p u r e  c u l t u r e s  o f  s u s p e c t e d  Rh i zob i um s pp . i n t o  t h e s t e r i l e 
so i l . Th i s  t e s t i n g  i s  t ime con s um i ng a n d  e x t r eme l y  I r u s -
t r a t i ng . Many c u l t u r e s  c ar r i e d o n  ma i n t e n a n c e m e d i a  i n  t h e  
l a bor a t o r y  h a v e  a t e n de n c y  t o  d i e  o u t  a f t e r  r e p e a t e d  t r an s -
f e r s  and n e v e r  a r e  i de n t i f i e d . The s e  a r e  "wi l d "  b a c t e r i a 
an d m a n y  s t r a i n s  have ne ver b e e n  s u c c e s s f u l l y  i s o l a t e d  and 
cu l t ur e d . No o n e  knows how many s t r a i n s  t he r e m a y  b e  o r  
how hos t  s p e c i f i c t he y  ar e . 
S ome l im i t e d s uc c e s s  i n t h i s  area was a t t a i n e d  i n  t h i s 
i nv e s t i g a t i o n . On e cu l t u r e  ob t a i n ed f rom A .  s t r i a t us i n  
1 9 73 w a s  i n o c u l a t e d  i n t o  s o i l  con t a i n i n g  h e a l t hy A .  
s t r i a t u s  a n d  A .  c i c er p l an t s  growri unde r c on t ro l l e d  c o n -
d i t i o n s .  S u c c e s s f u l n o du l a t ion was ob t a i n e d  w i t h  b o t h 
p l a n t  s p e c i e s  f rom t h e  o n e  c u l t ur e .  
A co n v e r s a t i o n  w i t h  t h e  P e n n i n g t o n  Cou n t y ,  S o u t h 
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D a ko t a  Ag r i c u l t ur a l  �xt e ns i o n A g e n t  i n d i c a t e d  t h a t  t he 
" c i c e r  v e t c h ' t  p l a n t e d o n  G i l l e t t e  Pr a i r i e  h ad n o t  b e e n  
i n o c u l a t e d w i t h  a n y  commer c i a l  i n ocu l um , a l t ho u g h  a c onlffie r-
c i a l i n o cu l um is n ow a va i l ab l e  f or t h i s  sp e c i e s . Th e 
suc c e s s f u l  i n o c u l a t i o n  o f  A .  c i c er w i t h a Rh i zo b i um s p . 
i s o l a t e d  f r om A .  s t r i a tus s hows t ha t  a n a t i v e  Rh i zob i um sp . 
succ e s s f u l l y  nodu l at e d t he G i l l e t t e  P r a i r i e  " c i c e r  v e t c h " . 
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Co n c l u s i o n s  
Th i s  i nv e s t i g a t i o n  h a s  s hown t he n e e d  f o r  f u r t h e r  
s t u d y  o f  n a t i v e  l e gum e s  a n d  t he i r  n o d u l e  b a c t e r i a . On e 
n a t i v e l eg ume , A s t r ag a l u s  s t r i a t u s  h a s  b e e n  s hown t o  b e  
ad a p t e d  t o  g r ow u n d e r  var i o u s  c l imat i c  c o n d i t i o n s  i n  S out h 
Da ko t a , f r om t h e  p l a i n s  t o  t he h i g h e r  e l ev a t i o n s  o f  t he 
B l a c k  H i l l s a n d t o  d o  an � d e qu a t e j ob o f  n i t r o g e n  f i x a t i o n  
un d e r  v a r i ed w e a t h e r  con d i t i o n s . 
Fur t h e r  s t u d i e s  s hou l d  i n c l u d e  t h e f o l l ow i n g : 
1 .  The s t o c k  c u l t ur e s  o f  R h j zob i um s pp . m a i n t a i n e d  i n  t h e 
S o i l  M i c ro b io l og y Libo r a t o r y  o f  S6u t h  Dako t a  S t a t e 
U n i v e r s i t y  s h ou l d  b e  i d e n t i f i e d  by i n o cu l a t i o n  i n t o  
k nown n a t i v e  l e g um e s . 
2 .  S e r o l og i c a l  i d e n t i f i c at i o n o f  Rh i zob i um s t r a i n s  s h ou l d  
b e  a c c omp l i s h e d . 
3 .  M e d i a  s h o u l d  b e  d ev i s e d  t o  b e t t e r m a i n t a i n  t he s e  " w i l d "  
R h i zo b i um s p e c i e s . 
4 . Na t i v e  l e g um e s  wh i c h  s h ow p r om i s e  i n  t h e i r  ab i l i t y t o  
f i x  n i t r o g e n  s h ou l d  b e  ev a l u a t e d  f o r  t h e i r  f o r a g e  
q u a l i t y  i f  t he y  c a n  b e  s u c c e s s f u l l y  c u l t i v a t e d  i n  t e s t  
p l o t s . 
5 .  Th e mo s t e f f e c t i v e  i n o c u l a  f o r t h e s e  p r om i s i n g  n a t i v e  
l e g um e s  s hou l d  be de t erm i n e d . 
T h i s  r e s e ar c he r  e nv i s i o n s  t he po s s i b i l i t y  o f  i n t e r -
s e e d i n g  a d ap t e d  n a t ive l e gume s  i n t o  t h e e x i s t i n g  r a n g e s  o f  
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Sou t h  D ako t a  t o  imp r ove t h e i r  produc t i v i t y  b y  add i n g  av a i l ­
ab l e  n i t ro g e n  t o  t he so i l  a n d  b y  p rov i d i n g  a c c ep t ab l e  
f o r ag e  for h e r b ivorous l i v e s t ock . 
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